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» ZUVTUNOEIC: AyyAIKOi 6pol

Ala: alanine, aAavivn

cDNA: complemetary DNA, cupmtAnpwuotiko DNA

ELISA: enzyme-linked immunosorbent assay, avocgogv{UUIKI HEB0d0C

Glu: glutamic acid, yAouTapIviko o&0

HA: haemagglutination, aigoouLyKOAANGCN

HAI: haemmaglutination-inhibition, avaoTtoAr Tng alpooLYKOAANGNG

Leu: leucine, Agukivn

MDCK: Mardin-Darby canine kidney, KUTTOpPIKI] GEIPA vE@POL TKUAOUL

PBS: Phosphate buffered saline, puBUICTIKO dIGALUA PWCPOPIKWV AAATWY

PCR: polymerase chain reaction, aAuc1dwT avtidpacn Tng TTOAVUEPATNC

RBS: receptor-binding site, anueio ema@ng Tou KUTTAPIKOU UTT0d0XEd

RFLP: restriction fragment length polymorphism, avdAuvcon TToALPOPPICHOD PAKOUG

pE évlupa TIEPIOPICHUOD

RT: reverse transcription, avtiotpo@n PeTaypaQr)

SSCP: single-strand conformation polymorphism, TTOAUHOP@IOUOC HOVOKAWYOU

DNA

Val: valine, BaAivn
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MPOAOIOZ

Mapaddéwe, n ypimn av Kal gival yia ToAd Koivr) agBevela, ol To TIOAAOI aTIo
EUAC £XOULME VOCTCEL OTT' QUTV, TIPOKOAEL POB0, SIOTI N PvAUN ¢ IGTIAVIKNC
Travdnuiag ypimng touv 1918, mou mtpokdaAece 30 TEPITIOL EKATOUMUPIA BavAToLG
TIOYKOOMIWC, &gV TIAVEL VA Pag LTIEVOUUIZEL TNV évTovn voonpoTNTA TNG TIOU UTTOPEI
va TIPOCAABEl AVEEEAEYXTEC DIOOTATEIC. A&ICEl va onUEIWOEl OTI TIOP'OAEC TIG
TIPOOO0UG TNC EPELVOC OTOV TOMED TNG TIPOANWNE KOl BEpaTIEing, OTI0 TNV TIPWTN
OTIOPOVWGT TOU avOp®TIIVOU 10V ypITNg 10 1933, TNV avATITUEN TOU TIPWTOU
QVTIYPITUKOU €UBOAIOL TO 1945 Kal TwV AVTI-IIKWY 0UCIWV apadavTivn TNV dEKAETIO
Tou 1960 Kal piuavtadivn Evavtl ¢ ypimng A apyotepa, n eEAAeIPN TNG VOOOU

TIOPAPEVEL OKOMN MiO OVEKTIANPWTN avOpWTIIVI TTPOCOOKIa.

H ouvexng e€EAIEN TwV 1V TNC yPITING eTRAAEI cuVEXT avaBewpnaon g
oUVBeONC TOL AVTIYPITTIKOU EUPOAIoL. Adyw TNC LTTOPENG ‘aTToONRKNG 1LV YPITING A
o€ dldgopa {Wa Kal EIBIKA GTA TITNVA, O’ TA OTIoIx 101 YPITING YE VEO LTTIOTUTIO
UTIOPOUV Va EIGEABOLY OTOV aVOPMTIIVO TTANBLCOUO (OTIWCE £yIVE OTO TEAOC Tou 1997
oto Hong Kong pe TV eUOAvION TIEPICTATIKWY PHOALVONG AVOPOTIWVY ME 10 yPITING
vy A (H5N1)), n ameiA piag eTKEiyeVNG Ttavdnuiog rapapével duvath. H ypimn
W¢ O&Eia ETIIONMIKI) VOGOC TOU OVATIVELCTIKOU CUGCTHUATOC €ival Pia OTIo TIG TTIO
ONUAVTIKEG AITIEC VOONPOTNTAC KAl BVNCIPMOTNTOCG TIAYKOOMIWE. ZTNV auyn ¢ Tpitng
XIAIETIOG, 0 EAEYXOC TNC YPITING YE TNV BonOsla cLYXPOVWV EPYOCTNPIOKWY HEBOdWVY
O1AyVwWaonC¢, aTtoTeEAEl hia TIPOKANGT yia Tnv onuoacia vyeia. H tapodoa diatpifn

ETTIOIWKEL VO TUHPBAAAEI OUCIAGCTIKA OTOV TOPEN QUTOV Kall EIBIKA G€ €BVIKO eTTimEdO.
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» TENIKO MEPOZ
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» EIZAINQIH

1. BloAoyia, KOKAOG {wN¢ Kal ETUSNUIOAOYIO TWV 1V TNC YPITING

Ol 10i N ypITING €ival o1 AITIOAOYIKOI TTapdyovTeC TN aoBEVeIag TnNE ypiTng.
AvnKouv oTnv KAdon twv Mononegavirales (10i pe apvnTiKr¢ TIOAIKOTNTAC RNA),
oTnv vTtepolkoyEvela Myxoviridae, otnv olkoyévela Orthomyxoviridae ota yévn
Influenzavirus A, Influenzavirus B kai Influenzavirus C kai ata €ion: Influenza
Virus A, Influenza Virus B kai Influenza Virus C (Mivakag 1). Baoel dlagopwv ota
avTlyOva TN VOUKAEOTIPWIEIVNG KAl TNE TIPWIEIVNG TOU LTTOCTPWHATOC, Ol 10i NG
YPITING SIOKPIVOVTOI O€ TPEIC aVTIYOVIKOUG TUTToUG, Tov A, Tov B kaitov C (1, 2). H
TIPWTN ATIOUOVWAN 10U YPITING ato Tov AvBpwTio £yive To 1933 armo toug Smith,
Andrews kai Laidlaw, kal ovopdoTtnke t0mog A, vw To 1940 amopovwenke, amo tnv
id10 opdda, o 16¢ ypinng tutTou B (9, 10, 11, 58). To 1947, o Taylor amoyovwae Tov
10 ypiting tutou C (14). O1 tuTtol A Kau B gival uttelBuvol yia Tig ETACIEC ETUIONIEG
ypITNg atov avBpwTo. O TOTIOC A €ival 0 TIAéOV HOALCUATIKOG, SIOKPIVETAI G
UTIOTUTIOUG KOl CUVOEETAIL UE OAEC TIC MEXPI Oruepa TTavonuieg ypimng (8, 109). OAol
Ol LTTOTUTIOI £X0ULV KOIVI] VOUKAEOTIPWTEIVN KAl TIPWIEVN LTTOOTPWHOTOC, EVW
Sla@EPOLY OTNV oLVBECN TWV AVTIYOVWVY TNE BIOCUYKOAANTIVNG (HA) Kat tng
veupauvidaaonc (NA). Ewg onuepa, gival yvwatoi 15 vmtotumol HA kat 9 vmoturol
NA. OAol Ol UTTOTUTIOI KOl GUVOLACHOI AUTWV LTIAPXOLV OTA LAPORIA TITNVE, EVK
OTOV AVOPWTIO KUKAOPOPOUV 1 KUKAOPOpNnaoav ol uttoturtol HIN1, H2N2 kair H3N2.

H ovopatoAoyia Twv aTeAEXWV YpITING TTOpoLaIAdeTal OTOV TTiVOKA 2.
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lotopikd, o uttétuTto¢ HINL TT0U TIPOKAAEDE TNV IGTIOVIKN Ttavdnuia tou 1918,
QVTIKOTAOTAONKE aro Tov LTIOTUTIo H2N2 10 1957, 0 AUTIOAOYIKOG TTOPAYOVTAG TNG
ACI0TIKAC ypIiTNg. To 1968 sugaviotnke o H3N2, aviikataotwvTag Tov H2N2 kai
TIPOKOAWVTOC TNV Ttavdnuia Tou Hong Kong. O HIN1 emavep@aviotnke 1o 1977 o€
pop@r] Amiag avdnuiag. Amo 1o 1977 €w¢ onuepa, o vmtoturtog A (HINI)

KUKAOQOpEi Tautoxpova, pe tov A (H3N2) kai tov 010 B (6, 31).

To yévwua TwV 1V TNE YPITING ATIOTEAEITAI OTI0 YPOAUMIKA, TEUAXIOUEVA, HOVOKAWVA
Tunuoata RNA apvntikng TToAIKOTNTag (-ss RNA). Zuykekpiyéva, ol TuTtol A Kal B
TIEPIEXOLV 0XTW (8) TUAMATA €vw 0 TOTIOC C, €@Td (7). Ta tuApota RNA twv TOTwv
A Kai B gival ta €€n¢: 1) moAupepdon 1 RNA petaypa@daaon, n otoia givai
OUUTTIAOKOG €K Twv 1) PA (6&ivn TtoAupepdon), 2) PB1 (Baoikr toAvuepdaon 1) Kai 3)
PB2 (Baaikn moAvpepdan 2), 4) n aigoouykoAAntivn (HA), em@avelokn
YAUKOTIPWTEIVN LTIELOLVN YA TNV TIPOCHAWGN Tov 100, 5) n veupauividdon (NA),
ETUPAVEIAKN TIPpwTEivN e evlUUIKN 8pdan, 6) n voukAsoTipwieivn (NP), E0WTEPIKN
TIPWTeivn ouvdedepévn Pe 10 RNA Kal TNV TIOAUPEPATT, 7) Ol TIPWIEIVEG TOL
vrtootpwpatog (Ml Kot M2) kait 8) Ti¢ un-0ouIKEG TpwTeiveg NS1 kal NS2. O t0ToC
C mepi€xel 1o avtlyovo HE, 1o oroio €xel dpdon avdaroyn tng HA (13, 20, 22, 109). H
ypirtn C dla@Epel aTo OTI deV ATIOTEAEITAI OTIO TPEIC POVADEC OAAG OTIO Hidl YE TO
EVEPYO NG KEVTPO VA avayvwpilel Evav Ao TOTI0 veupapivikoD 0&€og (to N-
OKETUAO-9-O-aKETUAOVEVPOUIVIKO 0ED). AUTO PTTOPEL va €€nyei TN XaunAn

TtaBoyévela Tou 100 C (21).

O 6po¢ 'HLEOIOC XpnOoIYoTIoINBNKE ato To 1955 yia va dNAWGEL pia opdda

EALTPOPOPWV, oPaIPOEIdwWV RNA-IGV TTov oxeTi(ovtal e TIC BAEVVIVEG N TIC
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MouKiveg. O 16¢ G ypimng eival RNA 16¢ Tou TiepIBAAAETaL ammo pavdLa Kal
EUPAVIZEL YEVIKA T@AIPIKO, 0WEIDEC (50-120Nm JIAPETPOC) AAAA KAl PEPIKEC POPEC
paBdocidéc oxnua (Me mavw amo 3000nm pnkog). H emipavelokr yAuKoTipwTteivip HA
KwalKoTToleital amo 1o 4° tuAua tou RNA twv 10TtV A Kal B kai n Asitovpyia g
gival va guvdEeTal e Toug EEVIOTIKOUC KUTTOPIKOUC LTTOOOXEIC TIOU TIEPIEXOLV
O10AIKO 080 (N-OKETLAOVELPAMIVIKO 0ED) yia T oUVTNEN Tou Pavdla ToU 100 PE TIG
EEVIOTIKEG KUTTOPIKEC PEUPPAVEC (3, 4, 12). Mia dAAN 1310TNTA TNE TIPWTEIVNG aUTHAG
gival n avtiyoviKr TIOIKIAIO TToU TTOPOUGIALEl yia va SIa@EVYEL ATI0 TNV TTiEaN NG
OVOGOAOYIKNAG avtidpaaonc (15). H HA eival opotpigepéc 135 A, €XEL HOPQT] YOUPOU
ME M0 KEPAA OTNV EEWTEPIKI TTAEUPA TOU PavdDa Kal éva dlaPEUBPavIKO pioxo. H
METO@POAOTIKA TIOAUTITETIOIKNA aAuaida HAO KOBETal TIPWTEOAUTIKA aTIO EEVIOTIKA
€v{upa o€ dLo uTtopovadeg, v HAL kou v HA2, Tou cuvdgovTal e Evav
OITOULAQIKO deaUO. To KOYIPO auTod Eival amapaitnTo yia TNV TIPOKANGCN TN¢
pOAuvaong amo tov 10 (7, 51). H ke@aAr attoteAeital amo tic HAL uTtopovadeg OTiC
OTIOieC BPICKETAIL KAl TO EVEPYO KEVTPO YIa T OEGUELAT TOL CIAAIKOU 0&éog. O
pioxog oxnuarticetal amo tv HA2 kai éva pépog tng HAL H aigocuykoAAntivn
METAANGCETAl € LPNAOUC PLUBUOULC HE EEipean TOL evepyoL Kévipou Tng HAL (100).
H veupauividaon gival pgia yYAUKOTIPWTEIVN Tou pavala Tou 100 Kal N AEIToupyia tng
€ival n aTtoKOoTIN TWV EIOIKWV TUTIWV VELPAMIVIKOU 0EE0C OTIO TIC YAUKOTIPWTEIVEG KOl
Ta YAUKOAITTiOIa. H NA €ivai éva opoteTpapepEC 60 A cUUTIAOKO Kal gV gival
Ol0oTIOPPEVN TUXAIO OTO POVAUO OAAG EVTOTTIETAN O€ KATIOIEC MIKPEG TIEPIOXEC

ouykevipwpévn (5).
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H peydAn, Kot opIoUEVEC POPEC, TaxEia eEATTAWAN TOUL 100 TN YPITING O@EIAETAI
1010iTEPA OTOV KUKAO (W TOL. H PETA@OPE TOU PETAEL TWV OTOHWY EVOG
TIANBLO PO €ival TTOAD EUKOAN, EVW 0 XAPOKTINPIOTIKA BpoxV¢ TIOAAATIAOCIOCUOG TOU,
ToV BonBbd va atokTd o TTALBVOGC TOL 100, YPHYopPa, PEYAAEC dlaotaaelg. O
KOADTEPA PEAETNUEVOC KUKAOC {wN¢, €ival auTtdg Tou TUTIoU A, TIoU Eival OPOIOG HE
auTov Tou TOTIoV B (Aldypappa 1). O KOKAOC {wh¢ Tou TOTIoL C TTapPoUaIAlel TIOAD
MIKPEC BIA@OPEC OTIC AETITOUEPEIEC TOU, OXI OPWE GTO YEVIKOTEPO TIAGVO TOU KUKAOU
TOU (24). H petagopd Twv cwpatidiwv ToU 100 TNE YPITING YIiVETAl KLPIwg YEoW ToU
0épa, Ye TN Pondela evog amAol PTEPVICUATOC aTIo VAV OAUGHEVO opyaviouo. Ta
CwWHaTidIa TOU 100 KUKAOQOPOUV CTOV OEPA UECO GE OTAYOVIdIa TIOU TIPOEPXOVTO
aro Ta BIoOAOYIKA VYpPA TNG AVATIVEUCTIKNC 0000 ToL opyavigpoL (18). Ot 10i Tng
YPITING TTOAAOTIAGCIALOVTON OTO ETUONAIOKA KUTTOPA TOU OVOTIVEUCTIKOU GUOTHHATOC.
O T10TI0¢ A POAUVEL TA KOTTOPA TOL OVWTEPOU KAl KATWTEPOL AVATIVEUCTIKOU, EVM Ol
TOTTOI B KO C, ouvnBw¢ HOADVOLV T ETTIBNAIKG KUTTOPO TOU OVWTEPOU
ovaTIVELOTIKOU. O TOTIOC A POAUVEL EKTOC OTIO TOV AVBPWTTO, TIOAAG €idNn TITNVWV
Kupiwg LOPOPI, Kal OpIoHEVA BNAACTIKA OTIWG TO X0ipo, TO AAOYO KAl TNV @AAAIVA.
O t010C A €ival o TIA(0V S100£D0UEVOC KOl HOAUVGHOTIKOC, VW 0 TUTIOC B pHOADVEL
povo tov avBpwTio (ttivakag 3). H ermidnuioAoyia tou tOTou C dgv €XEl PEAETN Ot
ETTAPKWC, AOYW TWV UTTOKAIVIKGOV GUUTITWHATWY TIOU TIOPOULCIALEl GUTOC 0 TOTIOC TOU
100. ATTO TOUC TPEIC TUTTOUC TNC YPITING, 0 TOTTo¢ C Ba Prtopolaoe va TagivounBei Kal
W¢ EEXWPIOTO YEVOC, YIOTI EXEl APKETEG DIAPOPEC EVAVTI TWV AAAWV 000 TUTIWV TOCGO
g€ HOPQPOAOYIKOUC 600 Kal YEVETIKOUG XOPOKTNPEG (2). H auvexng e€EAIEN Tou 100
NG YPITING Kal EI0IKA TWV AVTIYOVWVY TNG AIJOCLYKOAANTIVNG Kal TNG VEUPOUIVIOACNC,

gival XapaKTnNPIoTIKO QOIVOPEVO TWV 1V OUTWV.
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MopIaKOi UNXavIOUOI aVTIYOVIKNG EKTPOTING Kal UTTEKQLYNG: O 16¢ TNC ypITING
eival évag ssRNA 10¢, oTov 0TI0i0 TTAPOATEIPOUVTAI CUVEXWGE VEOL LTIOTUTION TTIOU
oxetiovTal e avadlopydvwan Tou KOV YoVISIWPOTOC, EKTETAMEVN 1] un. O T0TT0C A
MTTOPE( VO LTTOCTEL OUO EIBWV AVOCTLYOLACHOUC TOL YOVISIWHATOG TOU, TNV OVTIYOVIKN
EKTPOTIN, KATA TNV OTI0i0 CLUPAIVEL TOTUKA PETAANOEN HIag TIPWTEIVNG, A yiveTal
META@OPA OTIO TOV EEVIOTH] GTOV 10 OAOKANPOUL TUNpatog RNA Kal TNV avTlyoVvIKI
UTIEKPULYT, KOTA TNV OTIoi0 YiVETAI PETAPOPA YEVETIKOU LAIKOU OTIO TOV £vaV UTIOTUTIO
OTOV GAMNO, PE OTIOTEAEGHA TOV PIJIKO avacLVOLACHO TOU IIKOU yovIdIwUaTog. Ta
ateAéxn B kai C vgicTtavtal JOvo avTIyOVIKI] EKTPOTI. MEVIKA, Ol 10l TN¢ ypimng
EKMETAAAEDOVTAL OAOLC TOUC YVWATOUE UNXOVIOUOUC YEVETIKNC TIOIKIAIOC YOO va
e€ag@aliocouv TNV emIPiwor) TouC. ZeXxwPIoTA atoixeia Twv RNA 10v TiepIAauBavouy
uyPnAoug pLBPOUG PETAAANOENG, YEYAAN aTIOd00N OVA KUKAO Kol HIKPO XpOVo
avTIypa@nG. Zav cuverela ol RNA 10i avatmapdyovTal w¢ TTOAUTIAOKOI KOl SUVOMIKOL
TIANBLOOI TTou ovopadovTal LTTOTUTIOL Ol PUBUOI HETAAAAENC OE OPICHEVEG YEVETIKEG
Béoeig emnpeddovTtal amo T oloTaon TS aAAnAovxiag tou RNA Kal oo
TIEPIBAANOVTIKOUC TTOPAYOVTEG. H €EEAIEN TwWV UTTOTUTIWY €EAPTATAL TIOAD OTIO TO
MEYEBOC TOL TIANBLVGHOU TIOU EUTTIAEKETOL OTIC MOAUVOEIC, A@oU £VaC PUEYOADTEPOC
TIANBLOPOG 0dNYE( O€ YPNyopOTEPN TIPOCAPHOYN OTIC EKACTOTE GUVONKEG.
ETIONMIOAOYIKEG AEITOLPYIKEC KOl OOUIKEC HEAETEC TTIpOTEIVOLV TIWC ol RNA 10i
MTIOPOUV VO AVTEEOLV TIEPIOPICUEVOUC TOTIOUG KAl OPIOOUC HETAANAYWVY KOTA TN
OIAPKEID OTTOIOLONTIOTE GNMEIOL TNE EEEAIENG TOUG. H aVTIYOVIKI]) EKTPOTIN TIOU
eP@avideTal oe 6AOLC TOLC TUTTOUC TIPOKAAEITAI aTTO aAAayn N TIPOaBean BACEWV o€
€va TIPOUTIAPXOV LIKO popio RNA. Z& auTh) TNV TEPITITWON YEVETIKAG TIOIKIAIOG
TIOPAYOVTOI avacLvduaauéva popla RNA, e aTTOTEAECUO VO TIOPAYOVTOI TIPWIEIVEC

JE TPOTIOTIOINUEVO XOPOKTNPIOTIKA, TOUAAXIOTO OG0V 0POPA TO EVEPYO TOUG KEVTPO
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KOl TOUC ETTITOTIOVE TWV AVTICWUATWY. ME TNV aAAayr] TNG 60OTOCONG TWV ETUTOTIWV
MEPIKEC POPEC TO AVTICWHATA TWV KUTTAPWVY PVAUNG avayvwpilouv dUCKOAA 1] Kal
KOBOAOU TIC TIPWTEIVEC-AVTIYOVA. ATIOTEAECUO EIVAL 0 OPYAVIOHOG-EEVITTHC Va
XPEIALETAL PEYANO XPOVIKO SIACTNUA VIO TNV TTOPAYwY TWV KATAAANAWY
OVTICWUATWY KOl 0 160G Va €XEl TO TIEPIBOPIN VO avaTITOEEL Eva HEYOAO TTANBLGUO, TIOU
Ba touv e€aa@alioel TNV emIBiwaon. To PeyaAUTEPO AOITIOV EVOIOPEPOV OTIC
METOAAGEEIC TOU 100 €0TIAETAN KUPIWE OTIC AVTIYOVIKEG TIPWTEIVEG, TIoU €ival n HA
kai n NA. H avTiyovikr) UTteK@uyr} ovopadeTal Kol OpJOAOYOC avaouvduaoUOg ToU
KOV YOVISIWPOTOCG Kol aTNPIideTal KUPIWE OTO Yeyovog OTI 0 10¢ TNG YPITING £XEL TO
YEVETIKO TOU LAIKO Tunuatottoinuévo. Katd tnv mpoaPoAn evog KUTtdpou améd d0o
oTeAEXN TOU 100 dnuiovpyeital pio de&apevr] ukwv RNA otov muprjva. Otav ol UKEG
pIBovoUKAeoTIpwTEiVEG wpIalouv Ta IKA RNA guvdiddovTal yio va aXnuatioouvv
0XTAOEC. H TIEPITITWON TIOU EVOIAQPEPEL TIEPICTOTEPO ATIO TNV GKOTIIA TNG dNUOGIOC
vyeiag ival n tuxaia avakatavour] Twv HA kat NA TuNPatwy 1mou divouv TiG
OVTIYOVIKEG TIPWTEIVEC TOL 100. Ol VEOL 10i TTou TTapdyovTal aTtoTeEAOUV TOUG
UTTOTUTTOUC TOU TOTIOU A TIOU N GUVEXNC EVOAAAYT] TOUC TIPOCGPEPEL EVAV LNXAVIOUO
EAlYHOU EVOVTI TV OVTICWHATWY. H emmdnUIOAOYIKN €TUTLXIO TNG YPITING OQEIAETAI
Kupiwg o€ 600 €idn avTIYOVIKAG TIOIKIAOPOP@IaC OTa EEWTEPIKA AVTIYOVA TNG
QIMOCULYKOAANTIVNG Kall TNE VELPAPIVIOAONC. TETOIEC AAAAYEC £XOUV OaAV ATIOTEAECUA
'VEQ' aTEAEXN TOL 10U va avadUovTal EVAVTI TwV OTIoIwY deV UTIAPXEI AVOaia aTov
TIANBUCPO. TO TIPWTO €00 AVTIYOVIKNC METABANTOTNTAC Eival N EAMACWVY PETABOANR
(antigenic drift). Auto ocuufaivel kal oto TUTI0 A KAl 0TOV TUTIO B TN¢ ypimng Kai
O@EIAETAI OE CLOCWPEVCT CNUEIOKWV HETOANGEEWY, KUPIWC OTO YoVidlo TN
QIMOCULYKOAANTIVNG Kal EIOIKA CTIC OVTIYOVIKEG BETEIC A €wC E. AUTEC Ol HETAANGEEIG

OUVEICQPEPOLV OTNV GUVOAIKN €EEAIEN TWV 1V TNC ypITnNg. O de0TEPOC TUTTOC AAAAYNC
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gival n peidwv avtiyovikr) getaBoAn (antigenic shift). Autdg o T0TI0¢ aAAayNC Eival
TIO OPUOTIKOC KAl TIOPOUCIALETAl HOVO GTOV TUTIO A, SNUIOUPYOVTAC VEOUG
uTotuTtou( (Ttivakag 4). H peidwv PeTafoArn] €ival aTTOTEAECHO MIKTNC AOIUWENC
OVOPWTIIVWV KOl GTEAEXWV YPITING TITNVOU 1} X0ipou. MEOW YEVETIKWV
OVOOUVOUOCHWY ETTEPXETAI EVOC VEOC LTIOTUTIOC YpITng A (86, 103). H taxeia
METAdOON OTI0 AVOPWTIO GE AVOPWTIO TETOIWV OTEAEXWV UTIOPEI VO TIPOKAAETEL
tavonuia ypirtng. Ol 10i TG ypimng £xouv TNV HOVASIKOTNTA Kal TNV IKAVOTNTO va
TIPOKOAOUV QUVEXWC ETNOIEC ETTIONUIEG KA TTIO OTIAVIA TIOVONUIEC, N TIAYKOOUIES
eTIONUIEC, YE TaXEio YETAdOON AVAUETO GTOV TTANBUOUO. To PEyEBOC Kal N ETUHTTTWAN
TV ETUONUIMV €ival ouvdLOCUOC TNG HOAUCHATIKIC IKAVOTNTAG N TOU PéEyeBOLC NG
QVTIYOVIKNG OAAQYNAG TOU 10U KAl TN¢ UTIAPX0UOACE TIPOCTATEVTIKIC OVOCiag aTov
TIANBUCHO. ETdnuieg ypimng &eKivoUV PAAAOV OTIOTOMA, KOPUPWVOVTOI EVTOC dU0 N
TPIWV EROOUAdWVY KAl JIOPKOUV TIEVTE HE EE1 EBOOUADEC. AVAPOPEC ALENUEVWV
EUTTUPETWV AVOTIVEUCTIKWV TIEPICTATIKWVY O€ TtaIdId, €ival cuxvd n TPATN EVOEIEN
pIag eTudnuiag ypimng (74). AKoAouBoUlV augnuEVa TIEPICTATIKA G€ EVIAIKEG KAl TO
ETIOUEVO OTADIO Eival ALENUEVEC EI0OYWYEC O0BEVWV PE TIVELHOVIA, ETTIOEIVWON
XPOVIWV OTIOPPAKTIKWVY KOl TIVEVUUOVIKWVY VOowv. ap’oAn Tnv pooTiabela va
KOTOypa@OoVvTal Ta TIEPICTATIKA YPITING ETNCIWC T€ TIOAEG XWPEC, OV €ival aKOWN
KOTOVONTA N ETIOXIOK GUUTIEPIPOPA TNG YPITING KAl 1 IKAVOTNTA LTTEKPLYNC KAl

TIPOCOPPOYNAG TOL 100 (29).

ETudnuikn ypimn: Mia emudnuia gival Eva EEmaoua g ypinng TePIOPICUEVO OE Hia
ToTo0eTia, ae pia TOAN N xwpa. O1 emdnuieg Tov TOTIOL A TOU 100 KOAOUBOUV £va

XOPOKTNPICTIKO TIPOTUTIO. TETOIEG TOTIIKNC EKTACNC ETIIONMIEC, EEKIVOUV UAAAOV
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OTTIOTOMO, KOPUEPWVOVTAIL EVTOC dU0 N TPICV ERJOUAdWY Kal SIOPKOUV TIEVTE UE EEL
EROOUAdEC (17). ZTIG TPOTIIKEC XWPEC N YPITIN UTTOPEi va attopovwBei KaB'oAn tn
OIAPKEIO TOU XPOVOU, aV KOl GE PEPIKEG TIEPITITWOEIC OKOAOUOEN TIC aAAAYEC TV
KOIPIKWV TIPOTOTIWV. Z& EVKPOATA KAIPOTO £XEl TTapatnendei 6Tt AauBdavovtal
OTTOMOVWOEVTA OTEAEXN TOU 100 TIOAAEC EBOOUADEC TIPIV TO EETTOCUA TNC ETIIONMIOC. €
pia TUTTIKA €TUONUIO PETA TNV TIPWTN ATIOPOVWAT TOU 10U 0 apIBPOC QUEAVEL CUVEXWG
yla pia 1epiodo 2-3 gBdopddwv, KATI TO 0TI0i0 aKOAoLBEITal aTtd TIOAAG TTEPICTATIKA,
TIOL polAdouv PE auTa TNG YPITING. O apIBUOC TWV IV GTN CLUVEXEID TIEQTEL TAXEWC
yla pia mtepiodo 2-3 gBdopddwv. MoAD Aiya oTeAéXn UTtopolv va amopyovwboly oto
0KOAOLBO dldoTNUa. META EAQVIKA KAl JUOTNPIWA®C Ol 10i TNC ypitng dev
ETIOVOKAUTITOUV VIO TO UTIOAOITIO TOU £TOUC. 2€ PEPIKEC TIEPIOXEC YPITING QVTI yIa Eva
EOQVIKO EEaTTaoua £XOULUE Hio oTABEPN TIAPOUCIa TIEPICTATIKWY KABOAN TN dIGPKEIN
TWV XEIUEPIVWOV PNVWV. MeAETEC £0€1€av OTI UTTAPXEL pia av&nuévn dlagopoTioinon
OVAAOYO HE TIC YEWYPAPIKEG KO NAIKIOKEG Ol0@opéC. Na Ttapadelypa, otav ot HIN1
10 ETTAVEP@AVIOTNKOV GTO TEAOC TOU XElPwva 1977-1978 PeTA aro amuaia 21 €Twv, N
dpaaTNPIOTNTA TOU 100 TIEPIOPIOTNKE OPACTIKA OTIC OXOAIKEG NAIKIEC. AUTO GUVERN
TIOPA TO YEYOVOC OTI TO VEOTEPO TTAISIA OEV EiXOV AVATITUEEL Avoaia Kal Tapd T0 OTI Ol
TIEPIOOOTEPOI EVIAIKEG KATEIXAV XOUNAOUG TITAOUC aVTICWHATWY evavtiov Tou HIN1
100. OTav 0 id10¢ 0 10¢ aVIXVEUTNKE TOV ETIOPEVO XEILWVO TIAPATNPIONKE TIOAD

AlyOTEPN dPACTNPIOTNTA OTIC OXOAIKEG NAIKIEG O€ aVTIBEDN YE TNV TIPONYOUHEVN

gmdnuia (74). O1 eTudnuieg cupuPBaivouv GxedOV ATTIOKANCTIKA TOUC XEIUEPIVOUC
MNVEC aTo BOPEI0 NUIC@AipIo. MOAD aTIAvIa LTIAPXEl TIOPOLTIN TWV 1V OE AANEC
ETIOXEC YECO OTO €T0C. Eav €va VEO OTEAEXOC PE AEIOCNUEIWTO dIAPOPETIKO
QVTIYOVIKO TOTIO EUQAVIOTEL, Ta EeTaocuata ey@avidovtal vowpic Tov OKTwRplo. 10

VOTIO NUICQAIpIo Ta EETMATUATa cuPBaivouv amo Tov MAIo PEXPL TOV ZETTEURPIO Kal
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ouXVa aTtoTeAOVV €VAEIEN TOU TUTIOU TOUL 10U TIou Ba TTANEEL TO BOPEIO NUIC@AiPIO TOV
ETIOUEVO XEIMWVA. Z€ PEYAAEC XWPECG, OTwC ol H.IM.A. Kal n AuaTpoAia,
TIAPaTNPOLVTAlI GUXVA BlAPOPEC OTO XPOVO EKONAWOTNC Twv eTidNUIWY. Katd Tnv
OIAPKEID TWV ETTIONMIWV TO CUVNBEC TTOCOCTO HOAVCGUEVWY OTOUWY, KLUUEVAITOI
peTa&L 10 kot 20%, av KOl 0€ CUYKEKPIPEVEG TIANBUCUIOKEC OUABEC TO TTIOOOOTO

uTtopei va @tdoel ato 40 Kai 50%.

Mo TTOANG XPOVIa TIICTELOTAV OTI KATA TNV JIAPKEIN piag eTudnuiag ypimng, Tkpartei
MOVO éva OTEAEXOC TOUL 10U, KOl OTI TO UTIOAOITIO OTEAEXN TTEPIOPIovTal N
egapavidovtal. QoTO00 TIOAD TIPOCPOTEG UEAETEC £O€IEAV OTI dUO JIAPOPETIKA
OTEAEXN GUYKEKPIUEVWVY LTIOTUTIWY, OKOPO Kal TOTIWV, UTTOPOUV VO GUVUTIAPXOUV.
MepaItépw PEAETEG £0€1EaV OTI TA TIPOTUTIO TWV ETUONUIWV OAAALOULV OTIO £T0C OE
£10¢ PE €vav avegrynto 1pomo. O uTtOTUTIOG A PTTOPEI va gival Kupiapxog aTov Eva
XPOVO, VO UNV aVIXVEVETAI OTOV ETTOUEVO, KO VA ETTAVEUQAVIETAI TOV ETIOUEVO XPOVO
ME pia TIEPPBOAIKA YeyAAn cuxvotnTa. AvaAoya uttopei va cuuBei pe tov tuTo B.
Emiong, ta ateAéxn B teivouv va gival 1o otabepd oTnV AvVTIyovIKOTNTA TOUG KAl Yid
TO AOYO0 aUTO KUPIOPXOUV YIa PEYOADTEPO OPIOUO eTwV. Exel TapatnpnOsi emiong OTi
€va KOPO PJOAOVOEWVY TIOU CLUUPAIVEL OTO TEAEUTAIO PIGO HiOg ETTIONUIKNC TIEPIOdOU,

ouXVA €ival AUTO TIOU KLPIOPXEL TNV ETIIONUIO TOU ETTOPEVOL £TOUC (92).

Mavdnuikn ypirtn: Ot Tavdnuieg ypimng TPOKUTITOLY OTtd TNV EVEPYOTIOINGN VO
VEOU 10U, OTOV OTI0I0 0 YEVIKOG TIANBUCUOG dev €XEl AvaTITUEEL Avoaia Kal yio TO AOYO

OUTO 01 TIdNUiEC EEATIAWVOVTAIl TIAYKOOMIWG (34). H oxéan dIA@OPETIKWV LTTOTUTIWV
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TOUL TOTIOL A ME TNV TTavdnuia ypimng, yia ta TEpacuéva 88 Xpovia, TtapoualdleTal
oTov Ttivaka 6. O1 Ttavonpieg Tou *57, "68 kal *77 Egkivnaav amo TNV evdoXwpa Tng
Kivag kal e€amAwdnkav avatoAlKa Kal SUTIKA TIpWTA 0T ZORIETIKA Evwan Kal
Ootepa otn AuTikny Eupwrn. O Adyog e€aitiag tou oroiou tapouaiadetal n Kiva cav
TINyn TIavonuIey, ival 1o 0TI n cuvOTIapPEn YOUPOULVIWY, TIOUAICV KOl avOpwTIwy
KATWV 0TI0 TNV id1a OTEYN TIOPEXEL TIC DUVATOTNTEC VIO PEYAANC EKTACNC

METOAANGEEWV (86).

O1 TO 10XLPEC TIAVONUIEG NTAV ATIOTEAEGHUA PEYOAWY OAAAYWV KAl OTIC 000 KUPIEG
ETIPAVEIAKEG TIPwIEiVEG. H TTId évtovn e€aipean ouLVERN GTNV TIEPITITWAT TOU 100
A/USSR/77/H1IN1 o oTmoio¢ 0ev TIPOKAAEDSE TTAVONUIO TTAPA TIC EKTETOUEVEC AANAYEC
Kal OTIG OU0 YAUKOTIPWTEIVEG (89). AUTO I0WC OQEIAETAI OTO YEYOVOC OTI O YEVIKOG
TIANBLONOC gixe avaTttvéel avoaia Katd Tng Ttponyoluevng HINL mepiddov (1917-
1957) (103). TéAoC TO PECOBIACTNHA PETAEY TIAVONUICV TIOIKIAEL O IAPKEID KOl

TIOPAMEVEL PN TIPORAEYIUO.

FeviKA OTeEAEXN TOL TOTIOU A OXETI(OVTOl PE PEYOADTEPO TTOGOCTA BvNOIUOTNTAC O€
ox€an Pe autd Tou TuTIou B. Emiong mpémel va onuelwOei 0TI N GUVOAIKN)

BvnooTNTa PETAEL TWV ETIIONUIWV LTIEPPAIVEL LT TWV TIAVINUIWY (64).
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2. KAIVIKEG EKONAWOEIG KAl ETUTTAOKEC TNC YPITING

H ypimn ival o&gia eyummupetn AoIuwdNg ETIONUIKI VOCOOC, TIOU OQEIAETAl GTOUC 100G
NG yPITING, METASIOETAI OTIO TO OVATIVEUGTIKO KOl TIApoLaIdlel Taxeia e€dmAwon. H
KAQIOIKN] ypITIN A, TIOU gp@avideTal o ATOPO OAWVY TWV NAIKIWV, XAPAKTNPEIZETal OTI0
OTIOTOMN EVAPEN TWV CUUTITWHATWY TIOU TIOPOUGCIALoVTal JETA OTI0 XPOVO ETTWACNC 3-
4 nuepwv. Ta TpocBePAnUEVA ATOUO PETASIOOLY TNV ACGHEVEIA YIO NUEPO TIPIV OTIO
NV £Vapén TwV CUUTITWHATWY KOBWC KAl yIa TIEVTE NUEPEC AKOUN. APXIKA,
TIPOEEAPXOUY CUCTNUOTIKEG EKONAWUCEIC TNC VOOOU Kol KUPIWE LYNAOGC TTUPETOC,
piyog, YEVIKI KOTIWaN, KEQOAOAYia, puaAyia, apBpalyia Kal EUETOL, TTOU CUVHBWC
SI0PKOUV TPEIG NUEPEC (23). Ze TtaIdia HIKPOTEPA TWV 5 ETWV gUaviovTal EUETOL,
olappola, Aapuyyotpaxeitida, Bpoyxitda, BpoyxioAitda, eapuyyitda Kal
OTIAVIOTEPA TPAXNAIKI] AdeviTIdN, WTITIdA aTtacpoi Kal e€Gvenua. AAA GUUTITOUATA
TIOU PTTOPEL VO GLVUTTAPXOLV KOl GLVNBWC ETTINEVOLY 3-4 NUEPEC META TNV UTIOXWPNCN
TOUL TTLPETOU €ival PAPULYYIKO AAyoC, BpAyxog ewvnc, ENPog Brxag, PIVIKA aréepadn,
CAAN, EPEBICUOC TWV PATIWV KOl avopedia. ZoBapEg ETITTAOKEC TN VOOOU Eival n

TIPWTOTIOONC 10YEVIC TIVELHOVIO, N OEUTEPOTIABNC MIKPOPIOKN TIVELMOVIO Kol Ta

VELPOAOYIKA aUvdpopa Reye kai Guillain-Barre kaBw¢ Kai eyke@aAitida (23, 27).
MEeTd armo ypirn £xouv TapatnpenOei emiong pvocituda, Huokapditida Kal
TIEPIKAPOITIOA. H TIpwTOTabN( 10yEVAE TIVELHOVIO KAl N OELTEPOTIAONC MIKPOPBIOKNA
TIVEUHOVIO €ival Ol TIO 0OPBAPEC ETUTTAOKEG TNG YPITING Kol aKoAovBoULv n Aapuyyitida
KOl N TIapOELVAT XPOVIOC ATIOPPAKTIKAG BpoyXiTidac. H Tpwtotabng 10yevrg
TIVEUHIOVIO TIOPOAO TIOU CUCXETIOONKE TIPOCQATA E TOV 10 NG ypITng, T0 1957-1958,
LTIAPEE avapEIoBTNTa N aItio TToAAWY Bavatwv KAatd TNV Tavdnuia ypinng to 1918

(29). Mapatnpeital cuxvoTEPA G€ ATOUA PE KAPDIOAVOTIVELCTTIKA TIPOBARUOTA KOl
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KUPIWC ATOPO PE PEVUATIKN KAPSITIdA KAl OTEVWAN NG MITPOEIdOVC, GE EYKUOUG
KOBw¢ Kal g€ veapd vyl dtoua. Epgavidetal petd ta Tpia mpwta 24wpa TNE TUTTIKIG
EKONAWONC TNG YPITING YE TIapdTacn Tou VPNAOL TIUPETOU, BrXa, dUCTIVOIO KAl
KuAvwaon. H KAIVIKN €€€taan KaBw¢ Kal N akTivoypagia 6wpako¢ auvnyopoulv yia
O1&XLTN TIVELHOVIKA BAGRN Kal OXI TIVELUOVIKE TIOKVWAT dnAadn €IKOVA O&eiag
OVATIVEUCTIKNG OVETIAPKEIOC. Ta aépla aipyatog deixvouv uttodia, n xpwon Gram Kal
Ol KOAAIEPYEIEG TITUEAWV Eival apvNTIKA yia TToB0yova PIKPORIO, Ve Ol KAOAAIEPYEIEG
yla 100G ouxVva gival BETIKEC yia 10 TNG ypITING TUTIoL A (97). O1 aoBeveic autoi dev
avTaTtokpivovtal otn Bepareia pe avtiBloTika. Z0vdpopo Guillain-Barre,
EYKEQAAITIdOO Kal oUVOpoUo Reye €x0uv CLOXETIGOEI Ye TOLC 100¢ TNC ypiTNg. To
guvdpopo Guillain-Barre (GBS), 0TIw¢ KOl TIEPITITWOEIC EYKAPOTIOG MUEAITIONG Kal
EYKEQOAITIOAC £XOLV TIEPIYPAPEL UETA VOO ON ATIO YPITIN A, VM EYKEQAAITIOO OF
EVNAIKEG PETA aTto ypitn B (30). To alvdpopo dnuiovpyei TPoBAAUATA GTO VEULPIKO
o00TNUO Kol TEAIKA TtapdAucn. H avdppwarn gival TARpng n oxedov TARpng oto 85%
TWV TIEPITTTWOEWV. H BvntotnTa KLPaiveTal oto 6%. H aitia dnuiovpyiag Tov GBS
gival dyvwaotn Kal gggavidetal e auxvotnta 10-20 TEPITITWCEWY TO XPOVO OTIC
Hvwpéveg MoAlteieg. To alvdpopo Reye TEPIypPAPTNKE yia TIPWTN @opd 10 1963,
MpoaBAaiAel dtopa 2-16 €TWV KOl GUCGXETICETAI KUPIWC PE TOV 10 TUTTIOVL B Kal
OTIOVIQTEPA UE TOV A, ME 100G coxsackie A Kal B kal pe Tov 10 TN avePoPAOYIAC-
£pminTa {WoThpPa. XapaKTnPideTal amd TTOIKIAI0 VEUPOAOYIKWVY CUUTITWHATWY OTIWE
ABapyo, Ttapainpnua, dIoVoNTIKA GUYXNOoT], GTIACH0UG KOl KWA, OTI0 EUETOUG KOl
amd NToToueyaAia Xwpi¢ iktepo. H ypimn armo 16 tumouv B mapouaidadel mapouola,
OAAG NTTIOTEPN KAIVIKN €IKOVA, O€ VEAPA KUPIwG Atoua, evw 1 ypimnn C gival akoua
EAQPPOTEPN KOl GUXVA TIEPVAEL adIAYVWOTH. Ol TIPWTEIVEC AIHOTUYKOAANTIV Kal

VELPAUIVIOACN ATIOTEAOUV TOUC TIPWTOYEVEIC GTOXOUC TNG OVOTOAQYIKNC ATIAVTINGCNCG
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TOU OpYyavIoUOU aTNV €I0BOAN TOU 100 TNC yPITNG. Ta avTICWPOTA EVAVTI TNG
QIMOCUVYKOAANTIVNG EE0VOETEPWVOUV TN HOAUGUOTIKOTNTA TOU 100 KAl TA AVTICWUOTA
EVaVTI TNE VELPAUIVIOACTC TPOTIOTIOINVV TN GORAPOTNTA TNE aabevelag. Ol ETATIEC
ETIONUIEG, TIAYKOOMIWG, €ival LTTELOBLVEC yia LYPNAOUC SEIKTEC vOoonpOTNTAC KAl
Bvnowotntag (17). H kOpla pgBodog mpoAnwing Evavtl otov 10 gival 0 EUBOAIOCUOC.
Ta guBOAIO NG YPITING dNUIOUPYOUV AVOCOAOYIKN] OTIAVINGN TIOU €ival EIBIKT YO TO
OTEAEXOC TOU 100 W¢ TIPOC TNV AIOCUYKOAANTiVN. To avTiypITIIKO gival TPIOUVOUO yIa
va TIEPIEXEL OAOUC TOUC LTIOTUTIOUE YPITING TIOU KUKAO@OPOoUV. H Ttpoctaacia Tou
aTopoUL apXxidel ouvnBwe d00 eBOOUAdEC HETA TOV EUPOAIOCUO KAl SIOPKEL 6 TIEPITIOU

urveg (19).

Ta ATopa TIOU AVIKOLV O€ OPADEG PE OLENPEVO KivVOUVO ETUITTAOKWV OTIO YPITIN, OTIWC
TO VW TWV 65 €TV, ATOUO PE XPOVIO VOGTUATO TOU OVOTIVEUCTIKOU KAl
KUKAO@OPIKOU CGUCTHHATOC TTIAIdIA 6-18 pnvov Kal ATopd JE XPOVIO UETABOAIKA
VOOTUOTO KOl O0VOCOKOTOOTOAN], TIPETTEL va eBOAIGovVTal KABE XPpOVo, GTIC apXEQ
Oktwppiov n NoeuPpiov, aluewva e TIG 0dnyieg TNg Maykoopiag Opydvwaong
Yyeiag Kal TV UYEIOVOUIKWY apXwv KABe xwpag (25). To TpIdUVANO0 aVTIypITIIKO
EMPBOAIO TIEPIEXEL TA TTEAEXN TOUL 100 TIOU ETIKPATNOOV GTO BOPEIO N OTO VOTIO

nuio@aiplo.

19

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:19:45 EEST - 52.14.40.146



3. Tevetikn PeTaBANTOTNTA TWV 1V TNC ypIiTtng A (H3N2)

Ol TEXVIKEG TNC AIMOCUYKOAANCNC KAl TNG AIJOTIPOcpO@naong, TIoL TIEPIYPA@NKAV OTI0
Tov Hirst to 1941, TTOPOPEVOLY CNUOVTIKEG GTNV AVIXVELCN WV YPITING KAl TNV
OVTIYOVIKN TAUTOTIOINCT TNG AIOGLYKOAANTIVNG (HA) Kai tng veupapividdong (NA).
O1 300 auTEC TEXVIKEC Baailovtal atnv TIPOoKOAANon g HA 1ou 100 o€ UTTOJOXEIG
OAlYOGOKXOPITWY TIOU BpiocKovTal TNV ETTIQAVEIN TOU KUTTAPOUL &EVIOTH, TA OIOAIKA
0&éa (SA), Ta OTIoI0 EVWVOVTOI PE YAUKOTIPWTEIVEC KO YAUKOAITTIOIO TNG ETTIPAVEING
TOL KLTTAPOU (3). OAol ol 10i ypitng T0TTIoV A avayvwpi{ouv OAlYOCOKXAPITEC TTOU
TIEPIEXOULV TEAIKA SA oav uTtodoxeic. H mepioxn tou vmmodoxéa (RBS) eival ToAD
oLVTNPNUEVN, aKOUN Kal avapeca o HA armo d1a@opeTIKOUC LTIOTOTIOUC LWV YPITING
vy (78, 83). H HA v ypittng Tou avBp®Tiou deiXVvel TIpoTiunon oe SA Ta oTtoia
deapevovVTal PJE YOAOKTOLN HEGW deapwV TOTIOU a2,6. Ol 10i ypimng Tmvav Kal
oAOywv deapevovTal PE dECUOUC TUTTOL 02,3 Gal-SA. ZTnv Tepinmtwan 1wv H2 kal
H3, ta apivoééa oTic B€aelg 226 kat 228 tng HA eival umtebBuva yia autryv v
€1dIKOTNTa. H HA 10V ypiTtng Tou avBpwrou TepiEXxouy Leu Kal Ser otig BEoelg 226
Kal 228, evw n HA 1v ypittng Twv invay, Gin kal Gly otiq avtiotoixeg 6¢oeig.
AlG@QOPEC MEAETEG £De1Eav OTI P aAAayr Leu ag Gin otnv 6¢on 226, HA 100
avBpodTou, PTIOPEI VO TPOTIOTIOINCEL TNV €I0IKOTNTA armo SAa2,6Gal oe SAa2,3Gal.
Mia Ttepaitépw aiiayr, Ser oe Gly atnv 6éan 228, evioxVel TNV aVWTEPW EISIKOTNTA.
ANyEC oTIC B0l 145, 186 kat 225 ¢ HA, 1wov H1 kat H3, ptmtopouv emiong va

ETINPEACOLY TNV EI0IKOTNTA TNE HA TIpAC TOV KUTTAPIKO LTTIOd0XEQ.

Ol 10i g ypinng A(H3N2) kabw¢ kat 6Aol 01 UTIOTUTION TNG YPITING A PTIOPOLV va
OTTIOPOVWO0LV aTto dlA@opa (WA, GUUTIEPIAAUBAVOUEVWY TOL aVOPWTIOU, TOL X0ipou,

TOU aAOYOoU, BAAACCIWY BNAACTIKWY Kal AypIwv LOPORIWVY TITNVWVY. ATIO TO AVWTEPW
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{wa EeVIOTEC, TO Aypla LOPORIN TITNVA ATIOTEAOUV TNV KUPIA APXEYOVO JEEAPEVH 1OV
ypimng T0TIoL A. ZTa LOPOPIO TITNVE £XOULV OTIOPOVWOEL OA0I o1 uTtotuTtol HA (H1-

H15).

MPOCEATEC PUAOYEVETIKEC MEAETEC TOU 100 A £XOUV OTTOKOADWEL IKA YOVidla Twv
OTIOIWV N KOTAYWYI] OXETICETAI UE TUYKEKPIUEVA EidN Kal £€X0LV OTTIOOEIEN OTI N
ETIIKPATNON TNG METAPOPAC TWV IV TNG YPITING METAEL TwV €1dWV oTnpileTal
OTTIOKAEIOTIKA 0€ {WIKA €idn (88). TEAOC, €xouv ATIOKAAUYEL OTI TA LOPORIN TITNVA
gival n mnyn twv 1wv NG ypIimng mou TpocPBAAAovy Kal Ta uTtéAoira (wa (77).
AETITOUEPNC MEAETN TWV TITNVWV KATA TNV SIAPKEID PIa¢ ETIIdNUIAC ypimng ota
TIOUAEPIKA aTnV KoaAAIpopvia £O€I1EE OTI TTIOANOI Un TtaBoyodvol 1oi ToTou A
uTIopOovCav Vo attopovwBouy amd autd (112). Ev cuvexeia, 10i ypimng amopovwbnkav
a1t Aypla TIOUVAI, TIOVAIA GE QIXUOAWGCI, OIKOCITEG XIVEG, KOTOTIOUAO Kal
YOAOTIOUAEC, KATI TO OTI0I0 OTTOKAALYE OTI Un TToBoyova TITnvaia aTeAEXN ival
TravtaxoL TIapwv Idlaitepa ag LdPOPIa TINVA. Emiong 6Tt 6ol o1 dlIaPOPETIKOI
uTtéTUTION TWV 1V A (H1-H 15 kai N1-N9) diaiwvidovtal ota udpofia nvd,

1010iTEPO 0T YETAVOOTEVTIKA €idn (109).

Ol gvdeitelg piag emdnuiag ypimng A ota TITNVA TIOIKIAEL GNUAVTIKA avAaAoya E TO
OTEAEXOC TOU 100. Ol HOAUVGEIC TIOU TIPOKOAODVTAL ATIO TA TIEPICOOTEPA OTEAEXN Eival
TEAEIWC OVTICVUTITWHATIKEG, WATOGO, Alya GTEAEXN TIPOKAAOUV CUCTNUATIKI

MOALVGOT TIOL CUVOBEVETAL ATIO JIATAPAXEC TOU VEUPIKOU CUCTHMATOC, KATI TO OTIOI0
OLVETTAYETAl BAVATOC EVTOC Miag BdoadoC (OTeAEXN Twv H5 Kal H7 umotdmwy). XTI
aypIOTIATIIEG, Ol 10i TNC YPITING TIOAAATIAOCIAOVTAl TIPOVOMUIOKA GTO GTPWHA KUTTAPWV
TI0U €TTEVOUEL TNV EVTEPIKI TIEPIOXH], XWPIC VA TIPOKOAOVUV CUUTITWUOTO AoBEVEIOC Kal

EKKPIVOVTOI 0€ PEYAAEC TIOCOTNTEG OTA KOTIpava. AUTH N TIANPo@opia deixvel OTI Ta
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LVOPOPRIa TITNVA £XOULV EVav TIOAD OTIOTEAECHATIKO TPOTIO VA PETAPEPOLV TOUC 100C ,
MECW TWV KOTIPAVWV TOLG OTa aTIoBEUaTA VEPOU (87). KATwW OTIO TIEIPOUOTIKEG
OULVONKEC, 101 ypITNg A Twv TIINV®OV dEV TTOAAATIANCIA{OVTOI GTOV AVOPWTIO VW KATA
TOV 010 TPOTIO, GTEAEXN YPITING A TOL avBPWTIOL OV TTIOAAATIAAGCIALOVTOI OTA LOPORIa
TITNVA. ZTa LOPORIA TITNVA Ol 101 YPITING CUVLTIAPXOUV UE TOV EEVIOTN] OTO TIETITIKO TOU
oUOTNPO KAl gV TIPOKOAOUY cUUTITOUATA (62, 93, 101). MapOUOoIEC HEAETEC
UTTOOEIKVVOULV TNV UTTaPEN EvOC @Paypol yia ToUC 100UC TNG YPITNG A, HETAED QUTWV
TwV EeVIoTwV. Ol KOPIEG AITIEC TNC YEVETIKIG METARANTOTNTAC TWV 1V TNG YPITING
gival n avoooAoyIKr] Ttiean Tou EEVIOTH], Ol AVOCUVOLACOI TTOU GUHPBAIVOLY AOYW TOU

TEPOXIOPEVOL YEVWOHOTOC TWV 10V KOl € AGOn tng petaypagaong (18, 23).

Ol 10i IOV gLBVVOVTAV YIa TIC TTAVONMIEC ypITNg ToL 1957 Kai Tou 1968, RTav
OVOOUVAOLOCOUEVOL 10i aVBPWTIOL Kal TITNV®Y, YOoVidla TwV 0TIoiwv 1o pbav oTtov
avOpwWTIIVO TIANBLCUO, TIOPARIAOVTOC TOV GUYKEKPIUEVO @payuo (84). H avadidrtaén
TWV YovIdiwv HA 1Tnvol Kal avep@Tiou Tavov va EYIVE GE EVav eVOIAUETO
OPYQAVIGUO OTIWE 0 X0ipog (64). H HEAETN TWV PNXAVICU®WY avAdUOTC TIOVONUIKWVY
OTEAEXWV YPITING ATTAITEl TNV KATAVONGN TNG MOPIOKNG BACNG TOU @PAYHOU TwV
EeVIOTWV Kal EIBIKOTEPA 0 POAOG TNC TIPWTEIVNG Tou LTToaTpWUatog (MI) otnv
EMEAVION VEWV LTIOTUTIWY (15). H e1dIkotnTa TNg HA, 10V ypimtng A, TIpog Tov
KUTTOPIKO LTTOO0XEN £XEI CUVOEBEL e TNV IB1OTNTA TOUC VA AIJOGUYKOAAOUV £pubpd
KOTTapa aro didgopa €idn {wwv (87). MOAAATIAG TIEPAGHATA GTEAEXWV YPITING OE
KOAAIEPYEIEC, OTIWG TA EUPRPLOPOPA ALY OpVIBAC KATA TNV JIAPKEIN ETTIBAEYNC TNE
YPITING, ETIIPEPOLY OAAAYEC OTNV EISIKOTNTO AIHOCULYKOAANGNCG ¢ HA (80, 81, 82).
Mpoc@ateg PEAETEG €BEIEOV OTI OpIapEVOL 10 ypimtng A (H3N2) tou avBpwTou gixav
XAOEL TNV IKAVOTNTO VO AIOCUYKOAAOUV €pubpd KuTTdpa 6pviBag (85, 107). TEtola

QOIVOTUTIIKI] OAAOYT] OUVABWE TIPOEKUTITE KATOTIIV TIOAAATIAWY TIEPACHATWY TOU 100
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o€ euBpuo@opa auyd opviBac Kal oe KUTTOPOKAAAIEpyele¢ MDCK (108). O1
METOAAGEEIC TIOU OLVOEOVTAV IE OUTEC TIC TIPOCAPUOCTIKEG OANOYEG BpioKovTal TTAvVw
oto Tunua HA1 g HA. H onuacia autwv Twv oAAaywv gival akOun o GrUaVTIKI)
OTaV £XEI ETUMTWON GTNV €TACIA €TTRAEWN NG ypinng Tng MNaykoopiag Opydvwang
Yyeiag (73). BAOEl HEAETWV, KATOTIIV TIOAAATIAWV TIEPACGHATWY TOL APXIKOU KAIVIKOU
OeiypOTOog 0 auyd N/Kal 0 KUTTOPOKOAANIEPYEIEG KOl GUYKPION TWV OAANAOUXIWV TwWV
OUIVOEEWY TOU apPXIKOU BEIYUATOC PE OUTO TNG KAAAIEPYEINC, 0 idI10G 10C yPITING
EMEAVIOE OANAYEC O€ TIEPIOXEC TNC HA TTou euB0vVovTal OTNV IKAVOTNTA
QIMOCGUYKOAANCNG, UE OTIOTEAECUA TNV N TOUTOTIOINGT TOL GTEAEXOULG TOU 10U (42).
To mapddeiypa tov oteAéxoug A (H5N1) ato Hong Kong 1o 1997 €deiée Tnv
onuogia ¢ YEVETIKNG avaivonc tng HA tou 100 yia va dIoTTIcTWOEI N HOALOUATIKN

IKOVOTNTA auTwv (84).

4. Epyactnplokoi peBodol avixveuong Kal TouToTIoinang 1wV ypirng

Eival yvwoTo OTI n ypiTtn 0TIW¢ Kol AAAEC 10YEVNC ACIUWEEIC TOL OVATIVEVTTIKOU
£€XOULV TIAPOUOIA KAIVIKA GUUTITWHATA, KOBIOTWVTOC £TC1 TNV KAIVIKN JIGKPIoN
META&L Toug BUCKOAN (28). Baaikr mpolmobeon yia TNV EPyACTnPIOKK] dIdyvwaoT TNG
ypITINg €ival n AqYn KAatdAANAoL JEiyPOTOC GTOV KATAAANAO XPOVO Kal [IE TOV
KaTAAANAO TpOTIo (119). XpnolpoTtolovvTal 600 €idn delyudtwy: 1) EKmAOuata
@APLYYA PE LAIKO TIoU SIVETOI OTIO TO EPYNCTAPIO ] PIVOPAPUYYIKA EKTIAUUOTO TTIOU
AoupBdavovTtal Pe 101K GUOKELN TIPOCOPUOTHEVN GE AVTAIO KEVOU N PIVOQAPUYYIKA
eTxpiopata mou AauBdavovtal pe BauBako@Opo GTUAES Kal TOTIOOETOUVTAI OUETWC

€ LAIKO PETOPOPAC 1ov. Ta deiyhoTta autd XpnaoidoTTololvTal yid TNV avixveuan Kal
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OTIOPOVWAN 1V YPITING KAl 2) AUo deiypata opol aiuatog, éva PETA TNV EVapen Twv
CUUTITWMATWY Kal éva 000 ERJdOPAdEC apyoTepa, aTnV QAacn Tng avdppwonc. H
KAIVIKN O1ayvwan TG ypimng umopei va emipefaiwdei pye v aueon e&€taon twv
KAIVIKGWV OEYUATWY, PE TNV ATIOPOVWATN TOU LTTEVBUVOUL 10V Kal PE TOV TIPOGAIOPIGHO
TOU TITAOU TWV AVTICWHATWY EVAVTI TOL 100 0ToV 0p06 AipaTog Twv agbevav. Ol
pEBODOI avixveLONC Kal TAUTOTIOINONG TWV IV TNE YPITING gival ot €ENC:
Avoco@BO0opPIoPOC: XpnaoldoTtoleital amo 1o 1956 cav dueon Kal Euueon doKipaaia
yla TNV EVIOTIIGN OTO KAIVIKA SeiyuaTa €I0IKWV AVTIYOVWY TwV 10V TNE ypITng A Kal
B pe tn PonBeia €10IKWwY avTICWHUATWY. Ta avTICWPOTa auTd gival onuaouéva Pe
@B0pilouvca XPWAOTIKN Kal OTavV €ival HOVOKAWVIKA N eualoOnaia ival ion pe 71 %, n
o€ €I0IKOTNTA 97%. EVIUUIKY avOCOJOKIUN: XPNOIUOTIOIEITAl OTIWE KOl O
avOooo@BOPIGUOC UOVO TIOU TO AVTICWHO avixveuong ival onuocouévo pe évlupo. H
gvalocOnaia g peBOdoL POAvel To 88% n d¢ eIdIKOTNTA TN TO 100%. TeAgvtaia
XPNOIPOTIOIEITAL N APESN OVOTOJOKIMN ETIE HEUPBPAVNG VIO TNV avixveuan NG
VOUKAEOTIPWTEIVNC TOL 100U ypimng A. To amotéeopua didetal oe Alyotepa amo 15
AETITA. DPOOPI0aVOCOdOKIUN: TO avVTiowUa aVIXVELTAG €ival ONUAGUEVO WE
©O0PIOXPWHA 0 OE TIAPAYOUEVOC POOPICUOC PETPATAL GE EIDIKO pBopIOuETpOo. H
evalgOnaia @BAvel To 95%. YRPISICHOC VOUKAEIVIKOU 0&£0C: TO GUUTTIANPWUATIKO
DNA tou RNA 10U 100 €ival onuaouévo e padievepyd N Wn LAIKO OTiw¢ n Plotivn,
Oev XpnolPoTIoIEiTOl TNV KaBnuepivh TIPAgn. AALCIdWTN avTidpaan Tng
TIoAupepacng (PCR): H avdAtttuén twv dU0 TEAELTAIWVY JEKAETICOV OTIC HOPIOKEC
peBodouC dlaxeipiong tou RNA Kai tou DNA €xel TTapdaoxel 0TOUG POPIAKOUCE
BloAdyoug Tn duvaTOTNTO VO PEAETOUV TA IIKA YOVIOIWUATO AETITOMEPEIOKA KATI TO
0TIOI0 WC TWPO OV NTAV dLVOTOV. YTIAPXOUV TIOAEG HOPIOKEG TEXVIKEC OIODETIPEC

TP YIa TNV TUTIOTIOINGN KOl TNV UTIOTUTIOTIOINGN TWV IWV. MepAappdavouv
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TIOAUMOPPICUO UAKOULG TIEPIOPICTIKOU Bpavaopatog (restriction fragment length
polymorphism analysis), yé60d0 avadAuang SAKTUAIKWV OTTOTUTIWHATWV
OAlyovoUKAeoTISiwV (oligonucleotide fingerprint analysis), DNA avocogv{UHIKOC
ipoadiopiopog (DNA enzyme immunoassay), avaAuan mpoataaiog amo [INAon
(Rnase protection analysis) kal aAAnAoUxIon VOUKAEOTIdIwVY (nucleotide sequence
analysis). H RT-PCR e@appoletal og KAIVIKA deiypota Tou Ttepiéxouv 1o RNA tou
100 OTIOTE PE AVTIOTPOPN WETAYPOQAQCT] TIAIPVOUNE TO CUUTIANPWHATIKO DNA 10U
100. AUTO eVIGXVETAL PE KATAAANAO 00NYyA VOUKAEOTIOIO KOl aKOAOUBwWC TO TIPOIdV

NAEKTO@OPEITAI YIA TOV dIOXWPIUO TwV TIPoidviwy Tng PCR.

TNV TEPITITWAON OTIOU N XOPnynaon auadavtivng, piuadavtivng n GAAWY avTI-lIIKWV
OUGIMV YIO TNV AVTIMETWTIION TNG YPITING ETURAAAETAL, N EYKAIPN QViXVELAN KOl
TAUTOTIOINGN TOU 100 gival avaykaia (60, 96). Emiong, yio TNV AITIOAOYIKI)
emPBePaiwaon emdnNUIOV, ATTAITETOI N OTIOPHOVWAT) Tou 100. MEBOdOI avixveuong Kal
TAUTOTIOINONG TWV 1WV TN YPITING BACIOUEVOL OE OVOCOAOYIKEG KOl HOPIOKEC TEXVIKEC
epappolovtal PJe SIOPOPETIKEG EVAITONTieg Kal €I0IKOTNTEC. H avoooev{UUIKN
ookiun (ELISA) XxpnolyoTtoleital EVPEWCG OTO KAIVIKO EPYOCTIPIO KOBWE Kal 0
avooo@Boplopog (37, 38, 48). O1 TEXVIKEG OUTEG TIOPEXOLV IKAVOTIOINTIKN gvaiodnaia
Kal eI0IKOTNTA, €w¢ 85% Kal 95% avtioTolxa. ATtapaitntn mpoinddeon yia TNV
ETTELEN QLTNC TNG EVAICONGIOC €ival N TIAPOUTIa AVTIYOVWY OTO KAIVIKO deiyua,
OTwWC €ival duVATO KATOTIIV KOAAIEPYEIOC Tov 100. O TUTIOC deiypoTog KABWE Kal N
ANYN Kol ouvtApnon Tou KAIVIKOU deiypatog gival Bacikoi TTapApeTpol TNy TEAIKN
QViXVeELON Kal TAUTOTIOINGT TOL 100 OTO KAIVIKO Ogiyua. MéBodol avixveuong
BOoloPEVOIL OE TEXVIKEC MOPIAKNC BloAoyiag, 0Tiwg 0 UBPISICUOC VOUKAEIKOU 0EE0C, N
PCR. n RT-PCR kai mapaAAay£EC AUTHE OTIwE N TIOGOTIKN Kal N NUI-TtoooTIKN PCR,

£€XOUV TNV IKOVOTNTO va avixveLOULV 10 YpITING o€ deiya TIOL UTIOPEI va gival apvnTIKO
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pe avocoev{VPIKEG HEBBOOUC N/Kal KaAAEpyela (40, 41, 42). Emiong, eivai duvati n
UTTOTUTIOTIOINGT], N JIOKPIBWOT MIKTWV ACIMWEEWY, KAl N TOUTOXPOV TOUTOTIOoINCN
O10QPOPWV TUTIWV KAl LTTOTUTIWV 1KV YPITING PE TNV HEBOBO TNC TTOAOTIANG PCR
(multiplex RT-PCR). Ta mpoiovta Tng PCR pmopolv va XpnaoipoTtoin8olv yia
TIEPAITEPW PEAETN TOU 10U N TUAMATOC aLTOU HE TIG TEXVIKEG TNC EEAKPIBwoNg TG
aAAnAouxiog VouKAelkwv o&éwv (DNA sequencing), twv RFLP kait SSCP, kaBwm¢ kal
n uEBodog PCR o guvduaopo pe TNV avoooevuuIkr dokiury (PCR-ELISA). El
evaloOnaoia Kal n 1I8IKOTNTA TIOL £X0LV avVaAPEPOEL yIa TIC avVWTEPW HEBBSOUC
TiAnoidouv to 100%, oTo am’svBeiag KAIVIKO deiypa. Ot guvnBiouéveg pébodol
o1ayvwang ¢ ypinng Baaoidovtal otnv amopyovwaon Tou 10V o€ URLoPOPa auyd
0pvIBag N G€ KUTAPOKOAAIEPYEIEC KOI GTNV PETETTIEITO TAUTOTIOINGT TOU OTEAEXOULC TOU
100 pE TNV PEBODO aVACTOAAG TNC AIMOCUYKOAANGCNG. Ta TIPORAARUOTO TTOU
TIAPOUCIALoVTal PE AUTEG TIC MEBOOOLC ava@opdcg Eival TIPWTOV 0 XPOVOC TIOU
artarteitan (7-20 NUEPEC IO pla TEAIKN dldyvwan) Kal OeUTEPOV 1 SLUCKOAIO
auVTNPNONG TWV KAIVIKWY OEIYUATWY KATA TETOIO TPOTIO £TC1 WAOTE va dlaTnpEnoei n
HOAUCHOTIKY IKOVOTNTA TOU I00. ZaV ATIOTEAECH, EVVOAOKTIKEG PEBODOI TaXEIaG
S1ayvwang ival amapaitnTeC yia va TIapEXOLV EyKalpr Beparteia kKal TTpo@LAAEN
EVaVTI NG YPITING HE OLYKEKPIPEVEG AVTI-IIKEC OVTIEC OTIWG N APAdAVTIV KAl N
pigavtadivn (yio v ypimn A), Kal avaoToAei¢ ¢ dpdong tng vevpauividdong, otav
OuTa dlatibovTtal péoa oe 48 WPEG Ao TNV Evapen TwWV CLPTITWPATWY. ETtiong, n
£YKOAIPN TOUTOTIOINCT IV TNC YPITING ETUTPETIEL TNV ETUDNMIOAOYIKI ETIRAEWN TNG
aoBévelag ¢ ypimng. AvAapeasa oTiC dIAQOPEC PeBOdOLC aviXVELONG TIOU TIPOCTPEPOLV
VYPNAN evaioBnaia, n avixvevon tou RNA péow ¢ PCR gival n 1o aglomiotn
AlayVWOoTIKN PEB0BdOC, CLYKPIVOUEVN UE AUTH TNC KOAAIEPYEIAG. MEe TNV avaTttuén

QAVTI-IIKN G Beparteiag, Ba gival amapaitnTo T KAIVIKA EPYOCTHPIa VO XPNCIKMOTIOI00V
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Taxeieg SloyVWOTIKEG HEBOOOLC. KaBw¢ N KAAAIEPYEIO TNC yPITING aTtaItel 4 NUEPEC,
O&V TIPOCPEPETAI YIA KATI TETOIO. XPNOIUOTIOIOVTOC KAAG OXEDIOCUEVA TIPWTOKOAAA,
N avixveuaon 1wv tng ypinng pe PCR £val d1a6€o1un yia €1I0IKA EpyacTrpla.
ATtoteAégpata amo TNV ewAlacpévn (nested) PCR umtopolv va gival diaBéaiya ae 24
wpeC. Ta tpoiovia NG PCR umopolv va XpnoipoTtoindoly Kal yid TNV TEPAITEPW
MEAETN TNG YEVETIKAC METAPBANTOTNTOC TWV 10V TNE YPITING. ZUYKEKPIYEVA, Ol TEXVIKEG
EIA-PCR, RFLP, SSCP kai sequencing (e€akpifwaon tng aAAnAouxiag), mapexouv
TNV IKOVOTNTA YIa TNV TAUTOTIOINGN, HMOPIAKK aVAALCT KOl JOPIOKN ETTIIONUIOAOYIKI)
MEAETN TWV 10V TNG YPITING (43, 44, 45). Zuumepacyatikd, n epappoyr Ing RT-PCR
OTNV aViXxVELON KOl TAVTOTIOINGCN WV TNE YPITING 0€ KAIVIKA deiypota, divel TNV
IKOVOTNTA TNC UTIOTUTIOTIOINONG KOl OVIXVELONG MIKTWV ACINWEEWVY PE LPNAR

evaioOnaia Kal eI8IKOTNTA.

EUpeon TNG aAAULAOULXIOC TWV VOUKAEOTISIWV: O TIEIPAUATIKOC TIPOGIIOPICHOC TNG
YPOMMIKNC dIATAENG TwV BACEWVY O€ €va 1IIKO yovidiwpa gival 0 Bacikog TpOTIoG
LTTOTUTTOTIOINGNC. H €0pean aAAnAouXiag TOU YOVISIWUATOC TIOPEXEL TN duVaATOTNTA
yla SIGKPICT KON Kol JETOED ‘Yoved Kal avTIyovou’, Qv pia HETAAAGEN €xel cLMBEI
otn dlodikaacia ¢ avypa@ng. H ebpean ¢ aAAnAouxiag YeVIKA aTtaltei Xpovo Kail
TINYEC KOl TIOPEXEL Evav OYKO TTANPOQOPIOG TTOL PTTOPEL va auyKpaTnOei aTo eAAGXIOTO.
MOVO 10 KOPUATIO TOU YOVISIWPOTOC TIOU TIOPEXOLV TOV UTIOTUTIO XPEIAdETal va
OLYKPIBOUV, OAAG OTNV apxn N TTANPO@OPIa AUTH) PTIOPE va unv gival yvwotr. H
xpnon tng yebodouv PCR og auvduacuo e TV e0peaT TNE dAAnAouxiag Exouv
OPYQAVWJEL TIIO OTIOJ0TIKA TN PEB0OO £TCI WOTE, KAVEIG VA TIAIPVEL YIa TIANPWC
avoAupEvn aAAnAouxia amo éva PiIKpo (Ikb) KOpuAT Tou HKOU YOoVISIWUATOC EVIOG

TPIWV NUEPWV HETA TNV KAIVIKI aTIoPovwaon. Puoikd, 6Aa tTa RNA yovidiwuata
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TIpETEL VA PeTaTtpémtovTal o€ DNA Tipiv T dladikagia tng e0peanc aAAnAouvxiac. Etal
wote n xpnon ¢ RT-PCR va yivetal e@IKTr Kal va odnyei kateuBeiav ae Eva Tpoiov
IKOVO VO JEAETNOEL w¢ PO TNV aAAnAouxia (81).

E1d1kda yia Toug 100¢ N ypimng, Yio TIOAD TIPOCEOTN EQApPoyn ¢ YHeEBGdoU yia To
OKOTIO TOU POPIAKOU XOPAKINPIOPOU gival N TEPITITwan ¢ TITnvaiag ypimng A
(H5N1) amopovwpévng amd maidi oto Hong Kong pe Bavatn@opo 16. To amopovwey
TIAPONKE OaTIO TPAXEIOKO deiypa. Ta yovidia Tng alogLYKoOAANTivng (HA) Kal tng
VELPAUIVIdAONG avaTtTuxBnkav ye RT-PCR Kal JEAETABNKOV w¢ TIPOE TNV oAANAouXia
TouC yia va eTtpeBaiwBei 0 HS5NIL yovoTuTtog Toug. AUTO OTTOKGALYE TNV TIAPOUCIa
MI0G TTOALBOCIKAC APIVOEIKAG TTOPEUBOAAC TIPIV OTIO TO GNUEIO KOWIPOTOg TNG
Bpuwivne. Autn n TTOPEPPOAR £XEI TTPONYOUUEVWC PPEBEl o€ OLENUEVNC TTABOYEVEING
OTEAEXN TITNVaIOg ypITING KAl TIIOTELETAL OTI BonBAEl TNV CLUCTNUOTIKA JI0CTIOPA TOU
100, a@rvovtag TPWIEACEG, TIOPOPOIEC YE TNV Bpuivn, va k6Bouv v HA oe HAL

Kol HA2 TtepIoxEG.

Exel Tteplypd@el pla TIPOKTIKA EQAPUOYN TNE HEPOOOL, GTNV OTIoI0 EQAPPOCTNKAV N
HEBOBOC TNG TIOAAATIANG AVTICTPOEPNC LETAYPAPNC Kal TOL TIoAAaTTAoU PCR yia va
S10kpIBoUV Ta HA yovidia Twv 1v. Ta €I8IKA yIa TOV KAOE LTTOTUTIO EKKNVITHPIN
pOpIa OTNV TTAPOTIAVW PEB0DO, dlaxwPIoav Ta OTEAEXN G€ OTI OPOPA TOV TUTIO KOl TOV
UTTOTUTIO TOUG, ETTEION TA XPNOIUOTIOI00UEVA TIPpoidvTa Tou TUTIov A (HI kat H3), B
(HA yovidio), kai C (HA, eotepdaon Kal yovidlo HEF) alvtnéng ftav d1a@opeTIKoL
peyEBouc. e akoAouvBn HMA avdAuon TO QVETITUYUEVO TIPOIOV TOU KAIVIKOU
OTEAEXOUC OVOUEIXBNKE PE AVTIOTOIXO TIPOIOV OTEAEXOUG AVO@OPAC KAl N TIPOKEIUEVN
KIVITIKOTNTA PETA aTtd NAEKTPOQPOPNON £OEIEE TNV ATIOKAIGT] TOU KAIVIKOU GTEAEXOUC.
AuUTH n dladIkaoia dlapKei U0 NUEPEG KA ETTOPEVWCG TIPOKEITAL YO Hiot GUVTOPN KOl

OTIAf YEB0DO, YIO TNV TOUTOTIOINCN KAIVIKWV GTEAEXWV TOU 10U.
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AvaAuon mipooTtaciag amo tnv iINaon: H pébodog autr| avamtoxOnke amod tov
Myers yia ToV GKOTIO TOU TIPOadIoPIoHOoU TNE TIOPOUCIAC Kal Twv BECEWV TwV
ONUEIOKWV PETOANGEEWY 010 DNA. H TeXVIKN TIEPIAOUPBAVEL TN XpHon evoq
OUYKPITIKA HIKPOU in vitro cuvteBeluévou padievepyol RNA deiypatog ou
petaypdgetal amo yovidlakd DNA dyplou T0TIoU arod éva oTabepd aTEAEXOC N TUTTO
OTEAEXOUC EVOC 0pYyavIOHOD. TNV apXIK péBodo to deiyua vPppidotNOnke ae DNA
aTto LTIO EEETOION OTEAEXN TIPIV ATIO TNV APOMOIWGCN TOU ETEPODITIAOV UOPIOL HE

KNAon.
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» EIKOVEC, TTIIVOKEG KAl dlaypAaupaTa
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SUOTTUIATIKI] KOTATO&I TWV 10V TTK ypuctic

Mavdnuieg ypimng £xouv avayvwpIoTEl JEPIKOUC QIWVEG TIPIV. ZTIC APXEC TOU
TIponyoLuevoL aiwva o Baktpio Haemophilus influenzae avag@epdtav w¢ TTPOKAWY
Ttapdyovtag. AAG 1o 1933 o1 Smith, Andrewes kai Laidlaw amopovwaoav tov 16 amno
Kouvapia. Zta 1940, TtapatnprROnNKe N XOPAKTINPIOTIKN 1310TNTA TNG AIOCUYKOANTI-
vwaong (haemagglutinatioo) akoAouBolpEVN aTIO TNV AVOKAANYN TIWE 0 10¢ UTIopolaE
va TIOAAOTIAQCIOCTEN € aLYd KOTOC TIOU TTEPIEiXAV EUPBPLO (AUTO EKAVE TOV 10 TNC
YPITING €vav 0Ttd TOULG TTO PEAETNPEVOUC 100G TNC TIEPIOOOUL). MePICTOTEPOL 10 HIE
TIOPOUOIEC 1OI0TNTEG TIPOCTEDBNKOV OTNV OUAdA PEXPL TN deKaETia Tou 1970, otnv
OTIOIa £YIVE dlaXWPICUOC TOUC.

Z0P@WVa PE To cLoTnUa Taglvopunong Tng BaATipodpng ol 1oi Tn¢ ypimng
givat

SSRNA 10i (10i pe povokAwvo RNA)

\

KAd&on: Mononesavirales (1oi pe apvnTiKig TTOAKOTNTAG SSRNA)

\

YTepoikoyévela:  Myxoviridae*

\

Olkoyévela: Orthomyxoviridae (Mupnviki aviypagr, TupRvag
80-120nm)

revn: Influenzavirus A Influenzavirus B Influenzavirus C

Eidn: Influenza Influenza Influenza
Virus A Virus B Virus C

*ATIO TN AéCn ‘poca’ (‘myxa’) mouv onuaivel pokntag !
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Ta oteAéEXN ovoudlovtal cOUPWVA PE TA XOPAKTNPICTIKA TIOU TTapatnprénkav
KOTA TNV OTIOPOVWGT TOUC.

Influenza A virus (A/duck/Bavaria/1/77 (H1N1))

A018000 aTolWV TOU GTEAEYOUO TIOU OTTIOUOVWONKE

XpovoAoyia amouovwaolk 19-

YTot0T00 ilévo atov T0To A)

O 101o¢ A aplBpei mepimouv 1194 amopovwEVA GTEAEXN OTIO TO OTIoia TA 6 €ival
LBPISIKA Kal Ta 299 un TIpoacdioplopéva.0 TOTIo¢ B apiBuei 109 oteAéxn Kai o tuttog C
18*. H peydAn d1a@opd oTIC TIMEG O@EIAETAI OTO OTI TOV AvBPWTIO aTtaaX0A0UV Ol TUTIOI
A Kal B kat Kupiwg o T01TTo¢ A Aoyw NG EPQAvIoNG PeydAwv Ttavonuiwv. O tomog C
EXEl HEAETNOEI AlyOTEPO POV APOPA ATTIEC I ACLTITOPOTIKEG OVATIVEVOTIKEC OOOEVEIEG.
Emiong o1 10mo1 B Kai C gu@avidouv apKeTa TTo apyr €EEAIEN a€ oXEan e TOV TOTIO A |

OvolxatoAovia vmotuTwv Tov Influenza virus A

O1 uTtoTOTION TOU 100 TN YPITING TOTIOU A ovopadovTal Pe BAcn Toug LTTOTOTIOUE
TWV OVTIYOVIKWV TIPWTEV®V ToU 100. 'ETol ye H cupBoAiletal to HA avtiyovo Kal e
N to NA avTlyovo. 210 OVoua TIPWTOC ava@EPETaAl 0 LTIOTUTIOC Tou HA avtiyovou
(Tt.x. H2) ko devtEPOC 0 LTIOTUTIOC TOU avTlyovou NA (11.x. N3). O uTtot0TT0g TI0U
dnUIoLPYEITal PJE QUTH TNV AVTIYOVIKI] cUoTAaon ovopdadetal H2N3.

*O1 aplBuoi avagépovtal PEXpL Tov loovio Tou 2000
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O KUKAOC Ccoik TOU 100 Me VOITITK TIEPIANTITIKA

KUTTOPKI] utuBoovn
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NJ |

Eikova 1. ATmo6nkeg tou 100 NG ypimng tutou A
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Eikova 7. AZIMATIKN €EEAIEN TWV 1V TOTIOU A TIOU UTTOPOUV va ETTOVEU@AvI(ovTal
OTOUG avVBPWTIOU(
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O Ayplomoriic
m  AKTOTTOUAIO XCn YAQPOI

HI H2 K3 H4 H5 H6 H7 HS H9 H10 HIl H12 H13
HA YKoOTtvXOol

NA YT1totOT1tol

Mivava; 2. Alavour] twv bToTOTIwY Twv HA kal NA tou 100 Tng ypitng ToTou A.
Ta voOpepa -/Ta TIC AyPIOTIATIIEG TIPOEPXOVTAI OTIO ETIOTITEIO 14 XpOvwv
(1978 - 1990) atnv Alberta kat Tov Kavadd. Ta volpepa yia Ta
OKTOTIOUAIO KOl TOUG YAAPOUC OTIO ETTOTITEI 5 Xpovwy (1986 — 1990) oto
Delaware Bay Kal TIG YEITOVIKEG OKTEC TwV Hvwpév TMoAITeEIv
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AvnyovuKoi txorexoi ton ifriS A aeon oxITiOVTOTT Pt TNV TTAVENUIKN Mpixn
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» ZKOTIOC TNC MEAETNCG

JKOTIOC TNE YHEAETNC TAV N AVATITUEN KAl EQOPUOYN NG MOPIOAKNG TEXVIKNC,
QVTIOTPO@N PETAYPAPACN-0ALCIOWTN avTidpaan Tng roAvuepacng (RT-PCR-
nested), oTnV avixveuon Kai TOUTOTIOINGN 1WV YypPITING TOL avBpwTiou TOTIOI A KOl B
Kal N o0ykKpIon OUTAG PE TNV avoooev{UUIKN pEBodo, immunocapture-ELISA (IC-
EIA) Kal TNV KOAAEPYEID 1V YpITING o€ euPBpuo@opa avyd 6pviBac. H RT-PCR
EQOPUOCTNKE O€ KAIVIKA Ogiypata, (pPIVO-@AapUYYIKA ETIIXPIOUATA), UN-
EUPBOAIOCUEVWY ATOHWY OAWVY TWV NAIKIWV, PE KAIVIKN EIKOVA YPITING, TIOU EGTAANCAV
ato EBviko Keévtpo Avagopdg Mpimtng Notiov EAAGDOCG oTa TTAQiOIa TNE ETAROIAC
eMIRAEYNC TNG ypITING, TNV TEPiIod0 1996-1999. Zav YeB0dOC avapopdc atnv
OUYKPITIKI) JEAETN, XPNCIMOTIOMBNKE N ATIOPOVWATN 1V YPITING 0€ KOAAIEPYEIQ
OUYWV Kal 1 TAUTOTIOINGT) TOUG YE TNV PEBODO aVAOTOARG TNE AIMOCUYKOAANGNC.
Mpoadlopictnke n evalobnaia, I0IKOTNTA, KABWCE KAl N BETIKN KOl ApVNTIKA
OlayvwaoTIKN aia ¢ pebodov RT-PCR og aUykpion pe v YéBodo immunocapture-
ELISA kal tnv pyéBodo avagopdc, atnv avixveuan Kal TaUToTIoinan 1wV ypinng tomou
A Kal tuTtou B. Eyive avamtuén piag mapaiiayng tng pebodov RT-PCR, n
@wAlaopévn (nested PCR), e d0o ebyn EKKIVNTIKWY Popiwv. H evaicbnaia Kai n
EIBIKOTNTO TWV EKKIVNTIKWV HOPIwWV NTAV YVWOTEC WC TIPOE TNV TUTIOTIOINGN Kal
UTTOTUTIOTIOINGT 1V YPITING. XPNOIUOTIOINBNKAV EKKIVNTEG EIOIKOI TWV TUTIWV A, B

kal C kal urtotuTtwv HIN1 kot H3N2.

Ol 10i ypimting T0TTOL A (H3N2), €TIKPATNOOV KOl OTIOPOV®ONKav omo deiypata
aoBevav otnv NOTio EANGSa, aAAd Kal TIAYKOOUiwe, TNV Ttepiodo 1996-1999.
ZTeAéEXN Tou 100 A(H3N2), énmwg to A/Nanchang/933/95, to A/Wuhan/359/95 Kai 1o

A/Sydney/5/97 TtpokdAscav eTIONUIEC HE COBAPG CUUTITWHATA YPITING GE ATOUO
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OAWV TWV NAIKIOV, KOBWC Kol GoBAPEC ETIITIAOKEC OTIwC TtveLpovieg. Ot 1oi A (H3N2)
TIOPOUCIA{OLY TOV PEYOADTEPO PLBUO EEEAIENC KOl HOALCUATIKIC IKAVOTNTOG, AOYW
NG Taxeiog HETAAAOENG Tou TUNPaToC HAL tng HA TOUL 100. ZKOTIOC TN¢ OVATITUENG
Kal epapuoyng ¢ pebodov RT-PCR-DNA sequencing atnv €triola eTipAsWn g
ypIiTNg, NTav n avaivaon twv yovidiwv HA (HAL) kKal NA €TISNUIKWVY OTEAEXWV
ypimng A (H3N2) Ttou KukAo@opnaoav oTov TIAuBnauod tng Notiouv EAAGDOC Kal
KOAAIEPYNONKOV KAl ATIOPOVWONKAV € EUPPLOPOPa auyd opviBag. Mo
OUYKEKPIUEVA, EYIVE EOKPIBwON NG eMidpacng TNG KAAAIEPYEIQC OE UPPLOPOPa
ouyd, LTIO TNV POPQI TIPOCAPHOCTIKWY PETOANGEEWY (host-mediated mutations),
otV 1I910TNTA TWV 1KV OUTWV VA aIJOCUYKOAAOUY £puBpda KOTTOPA 0pvIBag, KOBWC
Kol 0 KOBoPIoUOG TwV BECEWV TV aUIVOEEWY otnv HAL TIou ETIIPEPOLV TIC OAAQYEQ
OUTEG. AOYW TNE OUVEXOUC EEEAIENG TWV 1OV TNC YPITING, KAl EIOIKA TWV OVTIYOVWV
HA kai NA, gival onuavtikd va yivetal CUCTNUATIKA avAAUGH TNG TIOIKIAOMOP@IOG
TWV YOVISiWV OUTWV OTO ETTTIESO TWV OUIVOEEWVY Kal EI0IKA TOU TuNpoTtog HAL 1Nng
HA. Eyive oUykplon NG HOPIOKAG aVAAUCNC PE OUTHA TNE AVTIYOVIKAG, £TC1 WAOTE Va
JlaTIOTWOEN N ETIOPACT) TOU YEVOTUTIOU GTOV PAIVOTUTIO TWV WV, KATOTIIV
KaAAIEPYEIOG auTwy. Ta Tipoiovia Tng RT-PCR xpnaipyotoinénkav yia v
e€akpifwan g aAAnAouxiag twv yovidiwv HA (HAL) kalt NA pe v pébodo tou
DNA sequencing. AOyw NG TIOPOUCIOE YEVETIKWY avaouVOLACU®MV EIBIKA g€ 100G A
(H3N2) omouv pttopei va TipoKOWouv oTEAEXN ME LWNAN SUVATOTNTA TIPOKANGNG
ETUONMIQV, EYIVE PUAOYEVETIKI] AVAALAN YIA TNV €E0KPIBwWAN avacuvdUOCUEVWY
OTEAEXWV YPITING KOl TOL puBU0L €EEAIENG TwV 1y A (H3N2) TTou KUKAOQOpPNoav

otnv Notio EANGda v TpleTia 1996-1999.
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» YAIKA KAl MEOGOAOI

KAWVIKA deiypata: H guAloyn Twv 500 pIVIKWVY KOl QAPUYYIKWV ETUXPIOUATWY EYIVE
amd ATopa PE KAIVIKN EIKOVA YpITING, 3-4 NUEPEC HETA TNV EVAPEN TWV CUUTITWUATWY,
KOt TNV dldpKela eTiRAeWNg TG ypimng ¢ Maykoouiouv Opydvwonc Yyeiog
(M.0.Y.) v tpietia 1996-1999, amd tov OKTWRPIo £wg ToV ATIPIAIO, KAOE £10C. Ol
NAIKIEC TwV atOuwv NTav ato 20 NUEPEG €wC 65 €Tn. H cuAloyn Twv dElYUATWVY EYIVE
Ao PN-eUPOAIACHEVA ATOUO OTA EEWTEPIKA IOTPEIC VOGOKOUEIWY KaBw( Kal g€
IOIWTIKA 10TPEID KAl I0pUHATa OTI0 dIAPOPEC TIEPIOXEG TN Notiov EANGdOCG. H
oLVTAPNON TWV JEIYPATWY €yIVE G€ 2,5 Ml LAIKOU PETAQOPAC 1V TIOU TIEPIEAGUBAVE
24,9 gr Bokto-tputttddn, 5 gr {eaativn, 0,5 gr oTtpemTopuKivn, 500,000 U TTEVIKIAAIVN
Kat 50 mg @ouyki{ovn avd Aitpo, atolg +4°C yia JEXPL 2 NUEPEC. KaToTv €yive

(PUYOKEVTPNON TwV delypatwy ota 1,500xg atoug +4°C yia 15 min.

ATIOPOVWAT] KOl TALTOTIOINON WV TNG YPITING: OAa Ta deiypata Kabwg Kal
OpVNTIKOI HAPTUPEG EPPOMIACTNKOY GTNV OUVIOKE (150 Wi) Kal oTnv aAAOVTOIKN
KOINOTNTO (150 W) euBpuo@dpwv auywv KOTAG 8 nuepwv. H emwaaon gixe dIAPKEIX 3
nuepwv otolg 33°C. KatoTty, £YIVE GUAAOYN TWV AUVIOKWY KOl OAAAVTOIKWY UYPWV
Kal EAeyX0C TOU 1IKOU TiTAOU g€ povdadeg HA, pe Tnv péB0d0o TNC aidOCULYKOAANGCNC
(HA), pe 0,5% epubpd aipoo@aipia KOTag. OAa ta deiypata KaAAIEPYOnKav
TOUAGXIOTOV 000 Ttepdopata o€ auvyd. H tavtoTtoinon £yive Pe TNV pEBodo
OVOOTOANC TNG alocuyKOAAnong (HAI) xpnoiyotoloviag avtiopolg g Maykoouiog

Opyavwong Yyeiag €101ko0¢ aTol¢ umtoturoug HIN1, H3N2 kau B.
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Immunocapture ELISA: Z1a apXIKG KAIVIKG deiyuaTa £yIve EAeyxoq he tnv 1C
ELISA ¢ tpog tov TuTto A Kal TOTI0 B TN¢ ypimng XpnoluoTtoloviag HOVOKAWVIKA

avticwpata NG M.0.Y. &vavTl TN¢ VOUKAEOTIPWTEIVNG TOL KABE TOTIOU 100. Ta

TIOAUKAWVIKA aVTICWHATO ATAV EVaVTI TNG YPITING TUTIOL A Kal TOTIoU B. apaiwpéva
1/6.000 og 0.05 M gg puBuIoTIKO didAupa (pH 9,6). H eT@acn Twv TTIOAUKAWVIKWV
QVTICWHATWY €yIVE a€ TIAGKeG TUTIOL ELISA, o100¢ +4°C yia 24 hr. OAeC Ol TIAAKEC
TiepieEAduBavav [00ul KAIVIKO deiypa kaBwg Kal 100l apvntiko kai 100l BeTiko
MapTUPA. H emwaon Twv delyddTwy €yive atoug 37°C yia Lhr. Ot TIAAKEG TIAUONKAV 5
@opéC ae PBS Kal KaToTTIV £yive TTPoaBnkn 100Ul HOVOKAWVIKOU OVTICWOTOC

opaiwpevo 1/1.250 og PBS Kai o1 TIAAKEG eTtwaoTnkav atoug 37°C yia Lhr.

ETtiA0yn TV GTEAEXWV TOU 100 YIO PHEAETN TNG aAAnAouxiag Tov DNA: 18 oteAéxn
ypimtng t0mtou A (H3N2) 1ou armopovwdnkav amo KAIVIKA deiypoTa KOTd TNV TIEPiodo
avénuévng dpactnPIOTNTAC TNC yPITtNg otnv NoTia EAANASQ, ETTIAEXONKOV YIO HOPIAKN
avéAuon twv yovidiwv TN HAL kai ¢ NA. H Bapdtnta Twv KAIVIKWY GUUTITWHATWY
XPNOIMOTIOINONKE WC KPITIPIO YIO TNV ETUIAOYN TWV CTEAEXWV. TA GUUTITWUOTO
TieplEAduUBavav euttupeTo (Avw twv 38,5°C, PHuaAyia, Ke@aAaAyia, pvitida,
Aapuyyitida, Brxa Kal YEVIKA KOTIwaAN), KABWE KAl ETIITIAOKEC, OTIWE Bpoyxitida Kal
TIveupovia. Ta oTeAéExn ypinng A (H3N2) mou armmopovwbnkav ae auyd tapouasiacay
TitAo HA dvw tou 1:256. Z€ opICPEVA OTIO TA OTEAEXN £yIvav dUO TIEPETAIPW

TIEPACUOTA OTNV OGAAAVTOIKI] KOIAOTNTO TWV OLY®V YIa TNV ad&nan Tou 1KoV TiTAoU.

Attopovwon RNA 1ou 100 Kal gUvBeon cuPTIANPpwHaTikou DNA (cDNA): 200-250
MT LAIKOU aTto T0 apPXIKO Seiypa Kal 1 idla TTooOTNTA APVIOKOU 1 0AAAVTOIKOU LYpPoU
XPNOIUOTIONBONKE yia TNV armopovwaon 1ou RNA pe 350 i TRIzol (Gibco BRL) otnv

Ttapouaia 20 pg yAukoyovou. Mpdtutta oTeAéXn ypimng tumov A (HIN1) kou (H3N2)
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Kal T0TTou B xpnoiyotoindnkav w¢ BETIKOI HAPTUPES Kal PN-EUBOAIACHEVT
OAAOVTOIKA LYPG WG apvnTikoi. H avtidpaon yia v ocuvBeon tou cDNA
TiepieAaupBave 5u1 RNA, 2,5p1 ekkivnuika popia (40pg/pl), 20U/pl Rnasin, 5u1 5X

PUBUICTIKO didAupa Kal 100U/tube M-MLV avtiotpogn tpavakpimtdaon.

ANvc1dwtn avtidpaaon Tng moAvuepdong (PCR): Zinv PCR xpnoiyoToirénkav
EKKIVNTEC €101KOI TOU TOTIOU A Kal B (Yyovidlo Tou UTTOCTPWHATOC) Kal LTTOTOTIWY H1,

H2, H3 kai N1, N2. H PCR £yive o€ dUo otadia yia TNV E00QAAICT PEYIOTNG

evalgbnoiag. H mpwtn avtidpaon tepieAdupave 25 KOKAOLG Kai n oeutepn 40. H
avéAuon Twv TIpoidviwy NG PCR éyive ae 2% ayapoln os 1X TBE pe | pug/mi

Bpwpuiovxo €0idio.

E&akpiBwaon tng aAAnAouxiag twv yovidiwv HAL kat NA Kol (UAOYEVETIKI)
avaAvon: Ta mpoidvia g PCR kaBapioTnkav Kal £yIVE TIOOOTIKOC TIPOCOIOPIOHOC
oe 1% ayapodn. XpnolUoTioindnkav EKKNVITIKA Popla eI0IKA Tou Tunpotog HAL kai
ToU NA. O1 aAANAOUXIEG TWV KAIVIKWV GTEAEXWV CLYKPIONKAV LE AUTEC TWV OTEAEXWV
A (H3N2) tou gupoAiou tng mepiodouv 1996-1999, ol omoieg avalntibnkav otnv
yovidloKr] tpdmela dedopeévwy (Genbank). H @UAOYEVETIKN avAaAuCT TwV
VOUKAEOTIOIWV KOl TWV APIVOEEWV €yIVE YE TO TIpOypauua CLUSTAL X,

XpNolyoTolovtag TNV pEBodo avaiuaong neighbor-joining.

2 TATIOTIKA avaAuvon: To poypapua SPSS yia Tnv avaAuon Twv deS0UEVWY OTIO TNV
Ttapoloa PEAETN. H e€akpiBwan miBavwv dio@opwv PETAED Twv 000 PEBOdWV

avixveuong €yive pe 1o chi-square test (x2).
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» ATTOTEAEZMATA

Me v péBodo ava@opdg, amo ta 150 KAIVIKA dsiypata, ta 25 (16,7%) Atav BeTIKA
yla 10 ypitng, 19 (76%) yia 10mo A (H3N2) kai 6 (24%) yia 1010 B. Mg tnv pébodo
IC ELISA, 17(11,3%) dciyuata Ntav BeTIKA a€ 10 ypinng. Amo auta 13 (76,4%) nrav
T0TIoU A KOt 4 (30,7%) TOTIOU B. OKTW ETUTIASOV BETIKA deiypaTa avixveutnkav (6 A
Kal 2 B), ye v IC ELISA, émerta amno 1pia epAouata Twv apXIKWV OElYUATwY O€
EUBPLOPOPA aLYa KOTAC. ATIO Ta 25 BeTIKA e TNV 1C ELISA, 24 (96%) Bpebnkav
BETIKA yIa ypITIN e TNV YEB0do ava@opdc. Eva apxiko dciyua, Betiko pe IC ELISA,
Tav apvnTkKo PETA aTo Tpia Tepdouota o€ avyd. Zuvernw, n IC ELISA vuToektiunoe
Ta O€TIKA 0NV ypITn deiyhata o€ GXEaN HE TNV HEBOdO ava@opdc. AKOAOLBEL OTI
KOTOTIV KOAAIEPYEIAC AUEAONKE N GUYKEVTPWAOT IKWV owHaTIdiWVY, OTI0U
QVIXVEUTNKAV HE TNV OVWTEPW PEB0O0. ZTa idla deiypata 0 EAeyX0G UE TNV YEBOodO
RT-PCR, amokaAuve 29 (19,3%) OeTKA o€ 10 ypinng, 22 (75,8%) pe 1010 A (H3N2)
Kal 7 (24%) ue T0TIO0 B. OAQ 1O deiypata ou Bpédnkav BETIKA pe TNV HEB0dO
ava@opdg Nrav Betika kail pe v RT-PCR. EmumAéov, uttipée 100% TALTOCIUOTNTA
TV OTTOTEAECUATWVY TNG RT-PCR Kal Tng amopovwaong Tou 100 OXETIKA UE TOV TUTTO
Kal urtotutto. Me Tnv RT-PCR, Bpédnkav emimAéov 4 BeTika deiyyata, 3A kal | B, o€
oOyYKpIOoN PE TNV YEB0dO0 amouovwaong Tou 100. AuTd ta BeTIKA pe RT-PCR ntav

aPVNTIKA KATOTIIV TPIWV TIEPACHATWY CGE Ouyd.

Bdoel TG avTlyovIKAG Kal HOPIOKIC avAAUGNG TOL yovidlakoU Tunpatog HAL tng
QIMOCUYKOAANTIVNG KAl TOL YOVIBIoL TNE VELPOUIVIOACNC, ETIAEYUEVWV ETTIIONUIKWV

otedexwv A (H3N2) g mepiddou 1996-1999, mpokOTITEl 0TI N HAL TWV KAIVIKWVY

OTEAEXWV OIOOPOTIOIEITAL ATIO AUTH TWV OTEAEXWV TOL €UPOAIOL TNG TEAELTAINC

TETPAETIOG. H avaAuon twv 350 KAIVIKWV delyuatwy £0€IEE OTI 31 (8,9%) rjtav BeTIKA
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otV ypimn. Ao autd ta 26 (84%), ntav A (H3N2) kai 5 (16%) tottov B. Ta 18
KAIVIKA OTEAEXN OTO OTIOIO £YIVE N MOPIOKK) avaAuan, diaxwpilovtal o€ TPEIC OUAdEC,
Bagoel NG avTiyoviKNC avaAuonc. H patn opdda TIEPIEXEL 1I00C TIOU TIPOCOUO0IA{0UV
Tou ateAéxoug A/Wuhan/359/95, n de0TEPN OPAda TIEPIEXEI GTEAEXN TIOU
Tipocopolalouvv ato A/South Africa/1147/96 kal armogovwenkav tnv Tepiodo 1997-
1998 kai n TPitn opdda ateAexwv TNE TEPIGdoL 1997-1998 kai 1998-1999, Tou
Tipocopoialav Tou A/Sydney/5/97. H avdAuan tng YEVETIKNG TIOIKIAOPOP®IOC TNE
HAL twv 18 oTeAeXwV YPITING £YIVE KATOTIIV TPIWV TIEPACUATWVY TWV APXIKWV
OEIYUATWVY O euPBpuo@opa avyd. Ot aAAniouxieg Tou DNA peTaTpATINKAY OF
OMIVOZE Kal £YIVE GUYKPION HE TIC AVAAOYEG OAANAOLXIEC TWV TIPOTUTIWV CTEAEXWV
A/Johannesburg/33/94, A/Nanchang/933/95, A/Wuhan/359/95 ka1 A/Sydney/5/97.
Bdaoel TNg poplakng avaiuong tng HAL ta KAIVIKA oTeAEXN Slaxwpilovtal o€ TPEIG
opdodec. H mpwtn Kal n de0tepn TtepiExouv A/Wuhan/359/95 kai A/South
Africa/l1147/96 aAlayég ota apivoéea onwe Lys atnv 8éon 62, Val atnv 6éon 144,
Gly otnv 8éon 124, Asp atnv 6éon 133 kai Arg atnv 6éon 142. H tpitn oudda
TiepleAAUBave aAlayEg TuTov A/Sydney/5/97 omwe Gin atnv Béan 156, Lys atnv Béan
158, Ala otnv 8¢éon 196 kai Lys otnv 6¢an 276. Mo GuyKekplpéva, Eva amo Ta
KAIVIKA OTEAEXN TiEPIEiXe oTnv BEan 186 1coAeukivn (lie), evw oTig Baelg 194 kail 226
miepigixav Paiivn (Val), 600 kai dekatpia KAIVIKA GTEAEXN NG Tiepiodou 1996-1997

Kol 1996-1999, avtiotoixa.

O1 aAGyEC TV auIVOEEwY BpicKovTal aVAUETO OTIC AVTIYOVIKEC BEaeic A Kal B tng
HAL Xtnv 08¢éon 186 mmapatnprdnke pia aAlayn Ser oe lie, n oroia ivai
XOPOKTNPIOTIKA TWV TIPOCAPHOCTIKWY HETAANAEEWY oTa auvyd. H B6éon 194, n omoia
Bpioketal otnv avtiyovikr) 8éon B kal euTtAékeTal oty o0evén tng HA pe tov

KUTTOPIKO LTTOO0XEQ, €ixe LTTOOTEI aAAayn lie ae Val oe 000 OTEAEDT TNG ETUONMIKNG
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TIEPIOdOL ToU lavoudplou Tou 1998. H Béan 226 n ottoia Ttailel poAo oTnv €10IKOTNTA
TOUL LTTOJOXED KAI GTNV TIOPOUTia @payuol EeVioTwy, TIapouaiace aAlayr TOTIou lie
oe Val, otnv mAsioPn@ia tTwv KAIVIKQOV oTeAeXwV (13 amo ta 18). Ot aAlayEg TTou
Tapatnpndnkav otig Béoelg 186, 194 kai 226 amolaolalav amd OAa Ta OTEAEXN
OVa@OPAC TIOU EEETACONKAV, LTTOJEIKVUOVTOC Cav TiBavr] AITia auTwv, TNV
TIPOCOPHOYH TWV 1V OTO AUYA KOl KOTA CUVETTEIN TNV ETIAVOQOPA TNG
QIHOCULYKOAANTIKAG 1010TNTAC aUTwV. OAEC Ol GUYKPICEIC TWV AAANAOUXIWV TWV
apvogEwv g HAL kai Tng NA Twv KAIVIKWV OTEAEXWV, ylvav Pe Bdon Tnv
avTilotoixn aAAnAouxia tou turipatoc HAL kot NA tou aTeAEXOUG avapopdg

A/Sydney/5/97 (H3N2).

AvaAiuon twv aAAnAouxiov TNG NA TwV KAIVIKWV OTEAEXWV, ATIOKOAVYE OTNUAVTIKA
AlyOTEPEG aANOYEC a€ oUyKpion e TNV HAL. Ol TtoikiAopop@ieg Tou yovidiou tng NA
Xwpilouv Ta oTeAEXN G€ 000 OpAdEC. H TpwTN TTapouaiace aAAyEG TUTIOU
A/Wuhan/359/95, ontw¢g Asn otnv B¢on 43, Leu atnv B¢on 370, kai Gly atnv 6¢on
381. H aAAayeg Tyr otnv 8¢éon 336 kai Asp otnv 8€an 339 mou Ttapatnpnenkav yia
€Va OTEAEXOC TNC TIEPIOdOU 1996-1997, pttopei BavWC va eTtnpeddel TNV
QVTIYOVITIKOTNTA TOU CUYKEKPIPJEVOL TTEAEXOLG TOU 10U. H poplakr availuvon tng
VEUPOAUIVIOACNC €TTIONG OTTOKAALWE HIo aAAayr) Asp o€ Asn oTnv 8éon 198 og éva
A/Wuhan/359/95-tpogopoldlov OTEAEXOC TNG TIEPIOdoL 1996-1997. Mia TETOoIa

oAAayr Ba uttopouae va emtnpedaocl TNV evuuatikn 1d1otnta e NA (5, 36).

H POpIOKK KOl N @UAOYEVETIKI] avAaAuaon Twv yovidiwv HAL kat NA Twv avewTEpw
KAIVIKWV OTEAEXWV, ELQAVICAV £VO OVOOUVOUACUEVO OTEAEXOC TNG TIEPIOdOL 1997-
1998, e tnv HA1 va mtpooopoiddel pe 100¢ T0Ttov A/Wuhan/359/95 kai tv NA va

TIPOCOUOIALEL 10VG TUTIOV A/Sydney/5/97. Ta aTTOTEAECUATO TNE OVTIYOVIKHNC
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avAaAuong £0€IEav OTI TO OTEAEXOG TIPOCOMOIALEl hE 100¢ TOTTou A/Wuhan/359/95.
AapBdvovtag v’ o OTI 0 10¢ AVTOG ATIOPOVWONKE KATA TNV JIAPKEIN TNG
TIOYKOGUIOC ETIKPATNONC 1V TUTIOL A/Sydney/5/97, tnv Tiepiodo 1997-1998,
OTTOOUKVEIEl OTI TIPOKEITAI VIO OVOCUVOUOGHEVO OTEAEXOCG TOU 100 HE PEYOADTEPN
ALVATOTNTA ETTIIKPATNONG KAl TIPOKANGCNG TIdNUIOV. AEOOUEVOL OTI TO GTEAEXOCG OUTO
(A/Athens/94/98 (H3N2)) ammouovwbnke KAtd TNV SIAPKEIN EVTOVNG ETTIONUIKAG
dpaaTNPIOTNTAC TNE YPITING OTNV VOTIO EAAGDA, TEKUNPIWVEL TNV Bewpia yia v

ETIIKPATNGN OTOV TIANBUGUO AVOCGUVOULACUEVWV CTEAEXWV YPITING TUTTOL H3N2.

A&ilel va anuelwbEi To yeyovog OTI Eva GNUOVTIKO TMAUA TNE €TAOI0C ETTIRAEYNC TNG
ypITING €ival n €yKaipn armopovwaon Kal avaAucT) PE HOPIOKEG TEXVIKEG ‘VEWV'
OTEAEXWV TOU 100. AUTO €XEI 0OV ATIOTEAECHUA TNV KOADTEPN TIPOCTOCIA TNG ONUOGIOC
vyeiag YEow TOL AVTIYPITIIKOU €UROAIGCTUOU Kal TNV ARPN METPWV OTI0 TOUG APHOSIOUE
KPaTIKOUC @opeic. To Tapddelypa TNG eTAOYNG ateAéxoug A (H3N2) yia tnv
EUPBOAIOCTIKN TIEPIOdO 1997-1998 eival XAPOKTINPIOTIKO TNE MEYGANG GNUAGIag TNG
ouveXoUC ETTRAEYNC TNC YPITING, ETUIONMIOAOYIKI KOl EPYACTNPIOKNA Kal EIDIKA GE
MopIaKO eTiTtEdO, yia TNV EyKaIPN KOl EVAIOONTN TOUTOTIOINGT OTEAEXWV TOUL 100 HE

vYnNAS aboyovo duvatotnTa.

E1dIkOTEPQ, 600V a@opd TNV CUCTNHOTIKI KOAAEPYEIO KAIVIKWV OTEAEXWV YPITING O€
EUBPLOPOPO auyd BpvIBaC, ooV PEPOC TNG ETNCIOC ETTIBAEWNG TNE YPITING TNG
Maykoouiag Opydvwaong Yyeiag, eival avaykaio va yivetal EAeyxog yia TIOOVEG
oAAayEC atnv HAL 1ou Ba pmtopoloav va ETTIPEPOUV TPOTIOTIOINGT OTNV TEAIKN

TOIUTOTIOINGT TOU QVTIOTOIXOU OTEAEXOUC YPITING TIOU KUKAO@OPEI aTOV TTANBUGUO.
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DUAOYEVETIKI] avAAUON:

H @uAoyevetiki avaAvon emiBePaiwas Tov TaxuTEPO pubuo eEEMENC TG HA o€
oLykpion pe TV NA. Ta KAIVIKA GTEAEXN DIOQPOPOTIOINONKOV OE TPEIC PUAOYEVETIKEC
OMAGEC TWV OPOIWTATWY TNG HAL, n pwtn opdda TepIEAGUBavE 100G TUTTOU
A/Wuhan/359/95, n deuTEPN OUAdA TIEPIEAAUBAVE EVOIAPETOUC 100G OVAUETO OTO
A/Wuhan/359/95 kai ato A/Sydney/5/97 Kal n TpItn opada Tou TIEPIEAAUBAVE 100G

TIAnciov Tou A/Sydney/5/97.

Z0U@WVO PE TNV oLYKPIoN TwV aAANAouxiwv NA Kal TNG GUYYEVEIOG AUTWY PETAED
TWV OTEAEXWV AVAPOPAC KOl TWV AVTIOTOIXWV TWV KAIVIKWV OTEAEXWVY,
Ttapouaiadovtal 600 QUAOYEVETIKEC OpAdeC. H TtpwTn €ival TAnaiov tou
A/Wuhan/359/95 kai n 6e0tepn TIANCiov Tou A/Sydney/5/97. ZuUTIEPACGUATIKA, OTIO
TNV PUAOYEVETIKI] OVAAUCH TIPOKUTITEL OTI N HAL Ttapouacidadel tax0tepo pubud

€EEMENC o€ auyKplan pe TNV NA, 0w EP@avIETal KAl oTt0 TNV PJOPIOKN avaAuan.
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Mivakag 1: ApIBUOC BETIKWY KAl ApVNTIKWV O€ 10 NG YPITING KAIVIKWY SEIYUATWY HE
TI¢ geBOdOLC: amopovwaon tou 100, IC ELISA and RT-PCR.

Ap1Buog deryuatwy, n=150

MeBodor OETIKA ApvnTika
, . 25 125
ATIOPOVWON TOU 10V (16.7 %) (83.3 %)
frmmmmmmm 17 133
11.3% 88.7%
IC ELISA oT0l apXIKG (11.3%) (88.7%)
deiypata
25 125
IC ELISA ota
0, 0,
KOAAIEPYEIEVD dElypaTa (16.7%) (83.3%)
29 121
RT-PCR ota apxika deiypota (19.3%) (80.7%)
RT-PCR ata KOAAEPYEIUEVO 29 121
ociypata (19.3%) (80.7%)
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Mivakag 2: Avixveuon 1wV ypimng ota apXIka deiypota: amoyovwaorn 100,
IC ELISA kat RT-PCR, (n= 150).

MéBodol
ATIOpOV® BeTIKO
an 100
apVNTIKO
BeTIKO
IC ELISA
apVNTIKO
BeTIKO
RT-PCR
OpVNTIKO

Ap1BuoG
OElypaT
wv
25
125
17
133

29

121

ATIOUOVW
on v

16
(64%)
125
(94%)
25
(86.2%)
121
(100%)

IC ELISA

16

(64%)
125

(100%)

17
(58.6%)
121
(100%)
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RT-PCR

25
(100%)
121
(96.8%)
17
(100%)
121
(91%)



Mivakag 3: 1° Eto¢. ApIBUOC BeTIKWY KAl ApVvnTIKWV aTnv ypirnn delyudtwv:
aropdvwaon tou 10U, IC ELISA kol RT-PCR

, n=70
MeBodor OETIKO ApVvNTIKO
. . 1 59
ATtopOvVWan 100 (15.7%) (84.3 %)
IC ELISA ota apxIkd 7 63
ociyparta (10%) (90%)
59
IC EL.ISA ota
0,
| KOAAIEPYEIPEVA delypaTa (84.3%)
RT-PCR ota apxIK& 13 57
ociypata samples (18.6%) (81.4%)
RT-PCR ota 13 57
KOAAIEPYEIYEVO deiypaTa (18.6%) (81.4%)
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Mivakag 4: 2° EToq. ApIBPOC BETIKWVY Kal apvnTIKWVY OTn yPITtn d€lypatwv:

artopdvwaon Tou 10V, IC ELISA and RT-PCR.

M¢Bo3ol , "= 80
OETIKO
. . 14
ATtopOvVWON Tou 10V (17.5%)
IC ELISA ota apxIka 10
ociypata (12.5%)
14
IC ELISA ota (17.5%)
KOAAIEPYEILEVO dEiypaTa
RT-PCR ot1a apxIKa
deiyuyata 16
(20%)
RT-PCR ota 16
KOAAIEPYEINEVA DeiyaTa (20%)
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ApvNTIKO
66
(82.5 %)
70
(87.5%)
66
(82.5%)

64
(80%)

64
(80%)



Mivakag 5: EvaioBnaoia, €181KOTNTA, dIAYVWOTIKN a&ia, YPeudw BETIKA Kal apvNnTIKd,

yla TI¢ pebodoug IC ELISA kal RT-PCR.

MgBodoi

IC ELISA
ot
apXIKa
oeiypata
IC F.LISA

ota
KOAAIEPYE
Héva
ociypata

RT-PCR
ota
OPXIKA
ociypata
RT-PCR
ota
KOAAIEPYE
IHEVa
oeiypata

Evaiobno
ia

64%

100%

100%

100%

E1dIkotTnTa

98.4 %

100%

96.8 %

96.8 %

AlayvwaoTiKn agia

O&eTIKN ',Apvle
n

94.1 % 925 %

100% 100%

86.2 % 100%

86.2 % 100%
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Weudwc
., Apvntik
OcTIKa .
5.9 % 75 %
0 % 0%
13.8% 0%
13.8% 0%
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AF316808
AF316809
AF316810

AF315564
AF315565
AF315566

G10999
G13299
A13599

99
99
99

/
/

109
132
135

AlGreece/
AlGreece/
A/Athens/



Mivakag 2. AvTiyovikr] avaAuan KAIVIKWV OTEAEXWV YPITING PE TNV PEB0O0 avAOTOANC TNE OIUOCUYKOAANCNG.

post infection ferret sera

A/JHB AAVuh A/NC AISA A/Brat A/Syd
33/94 359/95  933/95 1147/96 6/97 5/97

MJHB/33/94 1280 80 80 40 80 <*
AAV'uhan/359/95 160 2560 1280 320 160 <
ATSanchang/933/95 160 1280 2560 320 320 160
A/South Africa/1147/96 80 160 320 1280 320 320
A/Bratislava/6/97 80 320 320 320 640 160
A/Sydney/5/97 < 80 80 320 320 2560
Oudada 1**
A/Greece/1/97 < 640 320 160 160 80
A/Athens/94/98 < 640 320 160 320 80
Oudda 2
A/Athens/2/97 80 160 640 1280 320 160
A Greece4/97 80 160 640 1280 320 160
A, Athens- 23/97 160 320 640 1280 640 320
A Athens- 1/98 80 160 320 640 320 160
A Athens-'2/98 80 160 320 640 320 160
Opada 3
A Athens/7/98 < 160 160 320 160 1280
A Greece/10/98 < 160 320 640 320 2560
A. Athens/16/98 < 320 320 320 160 2560
A Greece/18/98 < 320 320 320 160 2560
A'Greece/19/98 < 80 80 160 80 640
A'Athens/76/98 < 160 320 640 320 2560
A/Greece/103/98 < 160 160 320 160 640
A Greece/106/98 < 160 160 320 160 640
A/Greece/109/99 < 160 160 320 160 640
A/Greece/132/99 < 80 160 160 160 1280
A/Athens/135/99 < 80 160 160 160 1280

*< TiTAOG Alyotepog amd 40.
** Ol ouddeg I, 2 KAl 3 AvUTIPOOWTIEVOLV 100G OPOIOUC TIPOC TO OTEAEXN OVAPOPAC
A/Wuhan/359/95, A/South Africa/1147/96 kon A/Sydney/05/97, avtioTtoixa.
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Mivakag 3. ToIKIAOPOP@Ia TwWV OAANACUXIMV TwV AUIVOEEWY Tou yo\odlokol Tunuatog HAI
TWV KAIVIKWV oTeEAeXwV A (H3N2).

Opaoda 1. A/Wuhan/359/95 Ttpocgopoladov aANAYEC
@¢oelg: Lys 62, Thr 121, Gly 124, Asp 133, Val 144

Glu 158 kai Asn 276

Z1eAeEXN: G197 kai A9498

Oudda 2: A/South Africa/l 147/96 TipocouOIALoV OANAYEC
©¢oelg: Arg 142. Val 144, Lys 156 kai Val 196

TTeNEXN: A297. G497. A2397. A198 kai A298

Oudoda 3: A/Sydney/5/97 TIpoooUOIAoV OANAYEG
©¢ocelc: Glu 62. He 144. Gin 156. Lys 158. Ala 196
Kal Lys 276

ZTeEAéXN: A798, G1098. A1698. G1898. G1998.
A7698. G10398. G10698, G10999. G13299 Kal

A13599
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Mivakag 4. MolKIAoPoP@ia TwV OAANACUXIWV TWV apIVOZEwVY TOU Yovidiou NA Twv KAIVIKGOV
otedexwv A (H3N2).

Opada 1. AAVuhan/359/95 mipogouoladov aAAayEC
©¢oelg: Asn 43. Leu 370, and Gly 381

ZtéAexoc G197

Oupada 2: A/Sydney/5/97 mpocouoldlov aAAayEQ

©¢oelg: Ser 43. Asp 127. Asp 198. L\s 221,
His 336. Phe 370 kai Glu 381

ZTeEAEXN: A297. A198. A1698. G1898

A7698. A9498, G10699. G10999, G13299
Kol A13599
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Eikova 1. dUAOYEVETIKA avAALGN TWV VOUKAEOTIOIKWV OAANAOLXIWVY TOL TuAuaTog HA!
TNC AIOCLYKOAANTIVNG (HA) KAIVIKWV Kal OTEAEXOIV ava@OopAc 10V ypITNg TUTIOU
A (H3N2). Baoiopévn otnv péBodo neighbor-joining.
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EIKOvVa 2. DUACYEVETIKA AVAALGT TV VOUKAEOTISIKWY AAANAOUXIWV TOU YOVIdiou TNG
veupauvidaong (NA) KAIVIKWV Kol GTEAEXWV ava@opdq 10V ypimng Totou A
(H3NZ2), Baoiopévn otnv péBodo neighbor-joining.
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AANNAOULUXIO OUIVOEEWVY TOL TUNHATOG HAL TWV KAIVIKWV OCTEAEXWV YPITING
A(H3N2).
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AAANAOULXIO OMIVOEEWV TOUL TUNHOTOCG HAL TwWV KAIVIKGWV OTEAEXWV YypPITING
A(H3N2).
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[ AAANAOLXIO OUIVOEEWVY TOU YOVISIOU NA TV KAIVIKWV COTEAEXWV YypPITING
A(K3N2).
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»2YZHTHZH

O1 TIePIoOTEPEG DIAYVWOTIKEG PEBODOIL TIOU XPNOIPOTIOIOVVTAL CUXVA GTO KAIVIKO
EPYOOTHPIO YIA TNV AVIXVELOT KOl TOUTOTIOINOT WV YPITING TUTIOL A KOl TUTIoU B.
oTw¢ avoooev{uuikeg (ELISA) kal avooco@Bopiopog (IF), amaitobv ugnan
OUYKEVTPWON AVTIYOVWY GTO KAIVIKO Seiypa yia a&loTiotn Kal uaiodntn didyvwan
ME LPNAN €IBIKOTNTA. MopIaKEC PEBODOI avixveLuong Kal TAUTOTIOINCNG, OTIWG N
aALC1dWTN avtidpaon tng moAuvpepaonc (RT-PCR), n tapoaAlayEg autng,
TIPOCEEPOLV CNUAVTIKA aLENMPEVN gLAICONCIO yIa AViXVELOT), TUTTOTTIOINGT Kal
UTTOTUTIOTIOINGN LWV YPITING. Ol HOPIOKEG TEXVIKEC SIABETOLY TNV IKAVOTNTA Vd
QVIXVEUOULV 10 YPITING aTT’eLOEIag OTO KAIVIKO d€iyua, Ye HEYAAN evaiocbnaoia, Xwpic va
gival TIpWTa aTIOPAITNTN N KAAAIEPYEINX TOL 10U O EYPPLOPOPA auUYdA I CE
KUTTOPOKOAAIEPYEIEG. ZUUPWVO UE EPYOCTNPIOKEC MEAETEG, N RT-PCR KAl AAAEG
HOPIOKEG TEXVIKEG, TIPOOPEPOLV CNUAVTIKA auEnuEVn evalodnaia Evavt Twv PeBodwv
Tou Bagifovtal TNV avoooev{LUIKL avTidpaaon Kal Tov avooo@Boplopo. AuTthA N
UTIEPOXI] CUVEICQPEPEL OTNV CWOTH Kal Eykaipn dldyvwan Kal BepaTieia 1oyevwv
AOIHWEEWV TOL avVaTIVELCTIKOU. Katd ouvETIEld, N avATITUEN KOl EQAPHOYT] TETOIWV
MEBOOWV OTO KAIVIKO EPYOCTAPIO N O KEVIPO ava@opag ypitng, UTIOPEi va eTidpacn
OTOV €AEYX0 €TUONUIV, OTNV PEIWON TNG voonpoTnTag Kot Bvnoigotntog Kol Tou
KOIVWVIKO-OIKOVOUIKOU KOOTOUG, TIOU CUVETIAYETAl WG ATIOTEAECHA TWV ETHOIWV

ETUBNMIWV YPITING KO GAAWV 10YEVWV AOIMWEEWV TOU AVOTIVEUCTIKOU.

Mpoo@Epouv TNV dLVATOTNTA TAVTOTIOINONG KOl TIEPAITEPW HEAETNG OE POPIOKO
ETUTEDO 1V ypITING TOL aVOpPWTIOL, PE PEYIOTN gvalcBnaoia. H cuvelopopd Toug atnv

TIPOANYN, BepaTieia, EAeyX0 KAl ETUONMIOAOYIKH HEAETN TNC YPITING Eival CNUAVTIKN.
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ETmtiong auteg ol TEXVIKEG UTTOPOUV VO TIPOCGPEPOLV CTNV ETUIONMUIOAOYIKI MEAETN TNG

ypiTinG.

Eva pelovektnua tng RT-PCR, gival n duvatotnta eMIPOAUVONG, I0IKA oTnv
TIEPITTWON TIov €QapPPOLeTal nested TIPWTOKOAAO. ZTnVv Ttapovoa diatpifr, n RT-PCR
e@apuoleTal cav PEBOSOC avixveuong KAl TAUTOTIOINCNG, KABWC KAl TIEPAITEPWL
MEAETNG TNG YEVETIKNC METARANTOTNTOC TWV 10V YPITING TOL avOPWTIOU. & GUYKPION
ME TNV Taxeia pgBodo Immunocapture-ELISA (IC-ELISA) Kal TNV KOAANEPYEID, N
RT-PCR avixvevoe 1€00epa TUTIAEOV BETIKA OTNV YpITIN A KAIVIKA deiypata, arm' ot
n PEB0dOC ava@opdag. AuTr n dla@OPd OTOV APIBPO TWV BETIKWY dEIYPATWY, TIBAVAOC
VO O@EIAETAI KOl OTNV TIOPOUTia adPavOoTIOINKEVOU 100 OTA KAIVIKA deiypota, Kal wg
COUVETIEIO PN-OVIXVEUCIUOL PE TNV JEBOSO TNG KOAAIEPYEIAG. AUTH N adpavortoinan
TOU 100 €ival CUVETTEIO TNG HAKPOTIPOOECUNG YUANENG TWV KAIVIKWV OEIYUATWY OE Wn
10QVIKEG BepUoKpaaieC. 2€ aUykplan pe v Immunocapture-ELISA, n RT-PCR eixe
avwtepn evalcOnaoia. H RT-PCR gixe mANpn tavtoroinon pe TNV HEB0d0 avag@opag
OTOV apIBuo avixveuang BeTikwy delypatwy otnv ypitn A kal B. H IC-ELISA
avixveuaoe 17 100¢ ypimng ota apxIKa KAIVIKA deiypata, ae oUyKpion PE 29 BeTIKA pe
v RT-PCR ka1 25 ota KOAAIEPYEIUEVA deiypaTa, 24 OTI0 TA OTIOI0 TOUTOTTOINONKaV

oav BeTIKA otnv ypitin A kal B pe tv pébodo avagopdg. H avénon tng evaiodnaiag

pE v IC-ELISA, KaTOTIIV KOAAIEPYEIOG, ATIOOEIKVUEL TNV aTT'eLOEiag e€aptnon tng
pEBOSOL aUTHC OTOV TITAO TOu 100. Mg TNV IC-ELISA, avixveUtnke eva BeTIKO GtV
ypitn d€iypa to oTtoio NTav BeTKO Kal pe v RT-PCR, aAAG apvnTIKO KOTOTIIV

KOAAIEPYEIOG O€ UBPLOPOPA QLY.

JupTmepaopatikd, n RT-PCR, 0tav XpnoIYoTIoIEiTal oav Taxeio peBodog avixveuang

KOl TOUTOTIOINONG 1V YPITING TUTIOU A KOl TUTIOV B TOL avOPOTIOL O KAIVIKA
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deiypata, TIpoc@EPEl Peyiotn evalocbnaoia, €1I8IKOTNTA KAl BETIKN dlayvwaoTIKA agia,
€vavTl Ing IC-ELISA. Emiong, n PCR propei va avixvelon BeTK& otnv ypirn
deiypota, akOpn KAl oTnV TIEPITITWAT TIOU 0 10G €ival adpavoTIoINPEVOC. ZTa TIAAICIA
NG €TPAEYNC TNG YPITING KOl OTO KAIVIKO EPYACTHPIO, MO TaXEia HEB0OOC
QViXVELONC Kal TAVTOTIOINONG PE PEYIOTN evaloOnaia KAl €I0IKOTNTA, CUVEICQPEPEL
OoNMOVTIKA oTnv owaoTn dlIdyvwaon Kal BepaTieia g ypimng Katl AAAWY 10YEVWOV
AOIHWEEWVY TOL AVOTIVELCOTIKOU, TOV KOAUTEPO EAEYXO ETUONMIWV, TNV HEIWAN TNG
VOGN pOTNTOC KOl BVNOINOTNTOG aVAPESO OTa ATopa uPNAOD KIvoUVoU Kal aTnv
TIANPECTEPN ETUONMIOAOYIK] MEAETN TNG YPITING KOl GAAWV 1OV TOU OVOTIVELCTIKOU.
Me v RT-PCR, gival duvartr] n dlagopoTtoinan tng ypinng amo aAAoug 100G Tou
TIPOKOAOUV AOIMWEEIC TOL AVATIVEUCOTIKOU OE ATOHA OAWV TWV NAIKIQWV, N OViXVELOT
KOl TAUTOTIOINON MIKTWV ACIMWEEWVY KOl I TOUTOXPOVI LTIOTUTIOTIOINGT TOL 100. M
OULVEXNC EEEAIEN TWV ETTIPAVEIOKWV OVITYOVWV NG AIOCLYKOAANTivNG (HA) Kat tng
veupapividdaong (NA) Twv v TNG yPITNG HECW TWV PNXAVICHWVY TNG EAAMACWVOC Kal
pEIlwvog avTiyoVIKAC PETABOANG, EUTIAEKETAI OTOV ETTIONMIKO XOPAKTNPEA TWV 10V TNG

ypITING. O OTTOTEAECPATIKOTEPOC EAEYXOC TNG ETNOIOG TUPRAEYNC TNG YPITING aTTaITE

ETNO10 ETTPAEYN TWV POPIOKWVY OAAaywv oTa yovidla HA (HAL) kat NA kai
OULYKEKPIPEVO OTIC KUPIEG AVTIYOVIKEG BETEIC auTwv. MEpav NG avTyovIKAG MEAETNG
ETUONUIKWV OTEAEXWV YPITING, N avAALGH TNG OAANAOULXIOG TWV AVWTEPW YOVISIWV GE
ETUTTEDO APIVOEEWV OTIOTEAEI TNV TIAEOV guaioBntn PEBOdO e€akpiwaong Tou Babuov
METAAAOENG TOU 100. H gpappoyr TNG TEXVIKNG EEOKPIBwONG twv aAAnAouxiwv (DNA
sequencing) o€ cuvduaouo pE TNV TeXVIKN RT-PCR (RT-PCR-DNA sequencing),
divel TNV duvaToTNTA YIO TIEPETAIPW HPEAETN, OTO POPIOKO ETITTEdO (GAANAOULXIO

AMIVOEEWV), TNC YEVETIKNG METARANTOTNTAC TwV Yovidiwv HA kat NA tng ypimng.
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TETOlEC TTANPOPOPIEC OXETIKA LE TNV YEVETIKN PETABANTOTNTA TOL KAOE GTEAEXOUG
10V ypITING, TIPOCEPEPEI TIANPOQPOPIEC YIa TNV ETIIBNUIKA dLVATOTNTA TOL 100, TOV
TBavo BaBPO avTIyoVIKAG METABANTOTNTOC TIOU £XEl UTTOCTEL KAl TNV €EEAIKTIKN
TIOPEID TWV OTEAEXWV TOUL 10U TIOU TIPOKUTITEL PUE TNV PUAOYEVETIKY) avaiuor. Mg tnv
HEBOBO €aKPIBwaonG NG AAANAoLXIaCg, YIVETOL yVwaTh N aAAayr oTIC BECEIQ
‘KAEIDIA’ TIOVW OTA €EWTEPIKA AVTIYOVA TOU 10U, Ol OTIOIEC YivovTal OTOXO0! TNG
OVOOOAOYIKNG avTidpaong (EE0VLIETEPOTIKA OVTICWHATA) TOL OPYAVIOUOU. ZNUEIOKEC
METOAAAEEIC OTIC AVTIYOVIKEC BEaelg NG HA, euBUvovTal yia aAAayEG aTnV
AVTIYOVIKOTNTA KOl HOAUGHOTIKI IKOVOTNTA TOU 100, OTNV IKOAVOTNTA avayvwplong
TOU KUTTOPIKOU UTIO00XEN KOl OTO QAIVOLEVO TNG AIHOCUYKOAANGCNC EPUBPLV
KUTTAPWV aTto d1A@opa €idn {wwv. EIdIKA otol 100¢ T0TTIou A Kal uTtoTuTTIou H3, N
IKAVOTNTA AUTH €TINPEALZETAI OTIO OAAAYEC OTIC BECEIC ApIVOEEWY 186 Kal 226 Tou
Bpiokovtal ato turjpa HAL1 tou yovidiou tng HA. Ot aAAaYEG AUTEG CLUXVA
ETINPEACOLV TOV QAIVOTUTIO TOU [0V, ETINPEAOVTOG TNV ETIIBNMIKI dLVATOTNTA EVOG

OTEAEXOUC.

O1 B¢ceig 186 kat 226 Bpiokovtal yeéoa otnv mepioxn tng HAL 01ou €QATTTETAL O
KUTTOPIKOC uTTod0XEa(G (receptor-binding site). H HA (HA1) oe oOykpion pe Tnv NA
TIoPouoIAdel TaX0TEPO PUBUO €EEAIENG, AOYW TNC OVOCOAOYIKNG TTiEGTC IOV JEXETA,
TUXAIWV PETOAAAEEWVY KOl TIPOCOPHOYNG OTA auyd. AANAYEC APIVOEEWVY OTIC BETEIQ
186, 194 kai 226, emnpedalouv TNV €I81IKOTNTA TS HA TIpo¢ TOV KUTTAPIKO LTTOdOXEN
KOl TNV AIJOCUVYKOAANTIKI 1IO10TNTO TNG YPITING. ETUdNUIKG OTEAEXN YPITING ouvNBwWC
TIapouaialouv aAAayEG oTIC BEoelg 194 kal 226. Adyw NG Ttapouaciog Tng ypinng A
g€ TIOAAG €idn (wwv, N HA Ttapouaiddel EI0IKOTNTA YO TOV KABE KUTTOPIKO UTTOS0XEN
(m.x. H3 mtnvou, H3 xoipou kal H3 avBpwrtou). H TIAEioPNn@ia Twv OTEAEXWV YPITING

A (H3N2) mou peAetr)Onke pe RT-PCR-sequencing, TIOPOUGCiaoe TETOIEC OAAQYEC.
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MOAAOTIAG TIEPACHATA TWV OPXIKWV JEIYHUATWY OE EYRPLOPOPA auyd 0pviBag,
emnpeddouv TNV doun ¢ HA. ZuyKeKpIPEVa, TTOPATNPEOVVIAL TIPOCAPHOCTIKEG
METOAAGEEIG oTo TuRUa HAL Kal otig B€aelg 186 kal 226. H poplakn pébodog RT-
PCR-sequencing Ttapexel avwTatn evalodnaoia oe cOYKPION HE TIG POPIOKEG TEXVIKEG
PCR-RFLP, PCR-HMA kai PCR-SSCP. H poplakr] Kal (QUAOYEVETIKI] OVAALUGH TWV
ETUONUIKWV OTEAEXWV YPITING A (H3N2) amokaAue TNV XOUNAOTEPN YEVETIKI)
TtoikIdopop@ia Tng NA og alykplon pe tnv HA, (aplBpog BEoewv e GNUEIOKEG
METOAAAEEIC KOl GUVOAIKOG apIBUOC GTEAEXWV TIOU TtApoUaiacav aAAayEg). AUTO
opeiletal oto OTi N NA avTidpd JSIO@POPETIKA GTNV 0VOCGOAOYIKI] Ttieon. H poplakn
KOl (UAOYEVETIKI) QVOAUCT] ETTIONC OTIOKAAUYE £VO OVOOUVOULOCOUEVO CGTEAEXOG YPITING
pe HA 1tou Ttpocopoiade TTOAAIOTEPO ETUDNMIKO OTEAEXOC A/Wuhan/359/95 kat NA

OpoIa PE QUTAV OTEAEXWV TUTIOL A/Sydney/5/97.

O avacuvduaopog aUTOG CLVHBWE GLUPAIVEL OTOV OTEAEXN YPITING TTIOU KUKAOQOPOUV
NV id10 N SI0POPETIKI XPOVIKA TIEPIOSO POAUVOLV TOV OPYOVIOUO OE HOPQI HIKTWYV
AOIPMWEEWVY. H KAIVIKI) oTtoudaidtnTa Tou avilyovou HA otov €Aeyxo Tng ypimng sival
yvwotn. H poplakn avaivon g HA (HAL), mépav tng TauToTIoinoNG JUE HOPIOKEC
TEXVIKEG, CUVEICQEPEL GTOV TIIO OTIOTEAECHATIKO EAEYXO ETUDNMIWV TIPOCPEPOVTAG
TIANPOYOPIEC YIa TNV dOMN Kol AsIToupyia Tou 100. NMpooeateq HEAETEC TN OOUNG NG
NA attoteAécav Baon yla TNV dnUIOLPYIa IO ATIOTEAECHOTIKWV OVTI-IIKWV OUGIWV ME

atoxo v NA.

OTw¢ TIPOKUTITEL KAL OTI0 £PEVUVA UE TNV XPriON UTIOAOYIOTWV O€ TPATIE( OEOOUEVWV
ME KOATOXWPNMEVEG OAANAOUXIEG 100V YPITING O€ TIAYKOGHIO KAIJOKO, Ol KOTOXWPINOEIG
otnv yovidlakr) tparela (Genebank) pe apiBpoig poofacng (accession numbers):

AF 315567-AF 315571, AF 316817-AF 316821, AF 315559-AF 315566, AF
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316811 - AF 316816 kal AF 316805- AF 316810, 1Tou TtpoéKLYAV OTI0 TNV TTapolca
MEAETN, ATIOTEAOUV TIG TIPWTEG KATAXWPNOEIG 1V ypiTing toTtou A (H3N2) 1tou
aTtopovwWOnNKav otnv Xwpa Jag. Ta 0ES0PEVA AUTA OTIOTEAOUV GUVETIWG TIPWTELWV
onueio ava@opdg yia ToV HEAAOVTIKO EAEYXO TWV PUBUWV PETABOANG TWV TIANBLCHWVY
TWV 1wV ypittng A (H3N2) otnv EANGSQ, TTOU CUVTIOPO TIPOKEITAL VO EUTIAOUTIOTOUV
KOl PHE OVAAOYO OEQOUEVA EAANVIKWV CTEAEXWV WV ypITINg TUTIoL B Kai tuTtou C 1ou

€XOULUE 1ON ATIOUOVWOEL.
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An immunocapture (1C) ELISA and reverse transcriptase (RT)-PCR assays were
evaluated as screening methods for the detection of influenza virus types A and B in
clinical samples collected from individuals presenting with influenza-like symptoms in
Southern Greece. Standard virus isolation in embryonated hens’ eggs was taken as the
reference method. According to the reference method, 25 (16.7%) of the 150 clinical
samples examined were infected by influenza viruses - 19 type A (H3N2) and 6 type B.
The sensitivity of immunocapture ELISA was 64% and that for RT-PCR was 100%. The
specificity of 1C ELISA was 98% and by RT-PCR 97%. The positive diagnostic value of
IC ELISA was 94% and of RT-PCR 86%, whereas the negative diagnostic values for IC
ELISA and PCR were 93% and 100%, respectively. These findings confirm that RT-
PCR provides significantly increased sensitivity over JC ELISA and can be of value in
the management of regional influenza screening surveys conducted by the national
public health services.

daily for populations at high risk [3]. However, the
efficacy of vaccination depends on the specific
cocktail of protective antigenicities being used to

Introduction

Influenza virus types A and B have a single-stranded
dominant viral

segmented RNA genome of negative polarity. Because
of their high rate of mutation, they exhibit increased
genetic and antigenic instability resulting in frequent
antigenic drift, and in the case of type A, more rarely
antigenic shift [1] Influenza viruses are the primary
cause of annual influenza epidemics. They constitute
the most important and widespread pathogens of the
upper and lower respiratory tract in man, causing high
rates of morbidity and mortality world-wide, espe-
cially among the elderly and patients suffering from
chronic cardiovascular and respiratory problems [2].
To ameliorate the impact of influenza epidemics,
national public health services follow a rigorous
influenza surveillance and vaccination policy, espe-
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maximise coverage by the most
genotypic variants being periodically identified. This
sorting process requires regular surveys of influenza
activity in samples collected from patients with flu-
like symptoms, which include high fever, head and
muscle aches and general fatigue [4], However, other
human pathogens of the respiratory tract, including
respiratory syncytial virus (RSV). parainfluenza virus
types 1, 2, 3 and 4, adenoviruses and rhinoviruses.
cause similar symptoms This multitude of agents, in
addition to influenza viruses, causing similar clinical
symptoms, renders primary screening of influenza-
positive patients a major task. Efficient control of
influenza epidemics requires continuous optimisation
of all aspects of vaccine development and adminis-
tration including painstaking assessment of its effi-
cacy Effective monitoring of viral outbreaks involves
the implementation of numerous screening methods of
influenza activity, including virus isolation from
embryonated hens' eggs and tissue culture, immuno-
fluorescence (5. 6). cn/ymc immunoassays (ELISA)
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[7, 8], reverse transcriptase (RT)-PCR [9, 10], multi-
plex RT-PCR [6, IlI] and PCR coupled to enzyme
immunoassay [12, 13]. A number of investigators
have evaluated most of these methods and have
assessed their sensitivities, specificities, diagnostic
values and false positive or negative results, in an
attempt to normalise and compare the large variety of
influenza surveys conducted world-wide every year

[14-18].

The present study compared the performance charac-
teristics of immunocapture (1C) ELISA and RT-PCR as
screening methods for influenza virus type A and B
activities It reports the sensitivity, specificity, diagnos-
tic value, false positive or negative results of each
method in detecting and identifying influenza infection
directly from the clinical specimens and after passage
to embryonated hens’ eggs, virus isolation was the
method of reference or 'gold standard’.

Materials and methods
Clinical specimens

The 150 nasal and pharyngeal swabs or primary
samples were collected from individuals with influen-
za-like illness, 3-4 days following the onset of
symptoms. All primary samples were collected daring
two World Health Organization (WHO) influenza
surveillance periods, from Oct. 1996 to April 1997
and from Oct. 1997 to April 1998. Patients’ ages
ranged from 20 days to 65 years. Specimen collections
were from out-patient facilities of hospitals and private
practice physicians in Southern Greece. All samples
were held in 25 ml of virus transport medium
containing (/L) bacto-tryptose 24.9 g, gelatin 5 g,
streptomycin 0.5 g, penicillin 500 000 U and fungizone
50 mg, at 4°C for 2 days. The swabs were removed
from the vials and the clinical specimens were
centrifuged at 1500 g at 4°C for 15 min. The super-
nates were either tested immediately, or stored at
-80°C.

Influenza virus propagation and typing

All primary samples and negative controls were
inoculated into the ammotic (150//1) and allantoic
(150 /) cavities of 8-day-old embryonated hens’ eggs
and incubated at 35°C for 3 days Propagated samples
were the primary samples that had been passed in
embryonated hens' eggs. After incubation, ammotic
and allantoic fluids were harvested and viral litres were
determined by the haemagglutination (HA) test with
chicken red blood cells 0 5%, according to standard
WHO protocols All isolates were typed by the
haemagglutination-inhibition (HI) method as type A.
subtype MINI and H3N2. or type B with antisera and
guidelines provided by WHO for the surveillance of

Immunocapture ELISA

The primary samptes were screened by 1C ELISA, and
typed as influenza type A or B with monoclonal
antibodies (MADbs) raised against the respective viral
nucleoproteins. ELISA microplates (Greiner Labora-
tories, Germany) were coated (100/rl/well) with
solutions of polyclonal antibodies raised in rabbits
against influenza type A or B specific antigens (kindly
provided by Professor S. van der Werf, Institut Pasteur,
Paris, France), which had been diluted ! in 6000 in
0.05 m carbonate-bicarbonate buffer (pH 9.6). Poly-
clonal antibodies were adsorbed to plastic surface at
4°C overnight. After each step of the 1C ELISA, plates
were washed five times with phosphate-buffered saline
(PBS) containing Tween-20 0.05%. Non-specific bind-
ing was eliminated by the addition of 100 p\ of
saturation buffer containing gelatin (Merck) 0.5% in
0.05 M carbonate-bicarbonate buffer (pH 9.6) to each
well, followed by incubation at 37°C for ! h. Each
ELISA microplate contained duplicate positive control
wells consisting of 100 /zI of allantoic fluids infected
with influenza type A or B of knowm HA titre diluted
in PBS-bovine serum albumin (BSA) 1% containing,
Tween-20 0.1%, and duplicate wells containing 100 p\
of uninfected allantoic fluids as negative controls.
Unknown samples were added in duplicate at 100 i/
well and incubated at 37°C for | h. Anti-A or anti-B
influenza mouse MAbs (WHO Influenza Reference
Center, CDC, Atlanta, USA), diluted | in 1250 in PBS
containing BSA 1% and Tween-20 0.1% were added
(100 pi) to the wells. The plates were incubated for
30 min at 37°C and 100 /z! of biotinylated anti-mouse
antibodies (BIOSYS, France) diluted ! in 4000 in PBS
containing BSA 1% and Tween-20 0.1% were added to
each well. After incubation at 37°C for 30 min, 100 wi*
of horseradish peroxidase-avidin D conjugate (Vector
Laboratories, CA) diluted ! in 5000 in PBS containing
BSA 1% and Tween-20 0.1% were added to each well

The plates were incubated at 37°C for 10 min. Finally.
100 pi of substrate solution containing 10 mg o-
phenylene diaminehydrochloride in 25 ml of 01 M

citrate-phosphate buffer (pH 5) and 0.03% H”"Oi were
added immediately before use to each well and the
plates were incubated in the dark at room temperature
for 30 min, at which time the reaction was stopped by
the addition of 3 N HC1 100 //1/well. The absorbance
was measured at 492 nm and 630 nm in a Dynatech

ELISA microplate reader MR 5000 (Dynatech Labora-
tories. VA. USA). The positive cut-off was adjusted to
0 3 OD units, as all the negative controls gave an OD
value < 0 3 units. All samples with OD values above
the positive cut-off were considered positive and those
with OD values under this cut-off were considered
negative

liral R\A extraction and cDNA synthesis

Viral RNA was extracted from 250-//l pontons of cither
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amniotic fluids, or both, with TRIzol (Gibco BRL, Life
Technologies, NY, USA), according to the manufac-
turer's recommendations. Type A (H1N1) and (H3N2)
and type B isolates previously identified by the WHO
Influenza Reference Center in London served as
positive controls; while uninfected allantoic fluids
served as negative controls. For cDNA synthesis, 5 p\
of extracted viral RNA were incubated at 70°C for
5 min with 2.5 p\ of random hexanucleotide primers
(40 p%/p\) (New England Biolabs, MA, USA) and
RNasin (Promega, WI, USA) 20 U//d, quenched on ice
and then 5 p\ of 5X reaction buffer (Promega), M-
MLV reverse transcriptase (Promega) 100 U/tube, 5 p\
of 10 mM solution of the four deoxynucleotide triphos-
phates (Promega) and sterile HjO (Sigma) were added
to give a 25-/ri final volume. The reactions were
incubated at 37°C for | h and at 95°C for 5 min in a
Techne Progene thermal cycler. The reaction product
was stored at -20°C.

Nested PCR

Influenza viruses were typed as A or B by nested PCR
with primers that amplified a highly conserved region
of the internal viral matrix protein gene [19]. Type A
viruses were further subtyped with HA1l, HA2 and
HA3 as well as NA1 and NA2 specific primers that
hybridise to conserved regions of the haemagglutinin
and neuraminidase genes of influenza, respectively
[19]. The sensitivity and specificity of the primer pairs
in the nested PCR have been reported [19]. Nested
PCR took place in two consecutive amplifications. The
first amplification reaction contained 5 p\ of 10X
reaction buffer (Minotech, Crete, Greece), 4 py\ of a
10 mm solution of the four deoxynucleotide tripho-
sphates (Promega), 2 units of Taqg DNA Polymerase
(Minotech), 2 p\ of 25 mM MgCU. 4 //1 of cDNA, 200
pmoles of the outer primers and sterile HyO to 50 p\
total volume The reactions were amplified in a Techne
Progene Thermal Cycler for 25 cycles of denaturation
at 94°C for 10s, annealing at 50°C for 10s and
elongation at 72°C for 30s. Two p\ of the first PCR
amplification were added to a second PCR reaction
containing the inner pair of primers and amplified for
40 cycles under the same cycling conditions Ampli-
fication products were analysed by agarose (Gibco

1039

BRL, Ultra Pure agarose, electrophoresis grade) 2% gel
electrophoresis in 1X TBE buffer, stained with
ethidium bromide ! /(g/ml and visualised with a UV
transilluminator (Foto/Phoresis, Fotodyne, WI, USA).

Statistical analysis

The SPSS statistical package was used to analyse the
data generated in this study. Differences between the
two screening methods were determined by the x2 test.

Results

Tables 1-5 summarise the study findings. More
specifically, screening 150 primary samples which had
been propagated in embryonated hens’' eggs by the HI
method, revealed that 25 (16.7%) were infected by-
influenza viruses, 19 (76%) with type A (H3N2) and 6
(24%) with type B strains. Screening the same primary
samples by IC ELISA revealed 17 (11.3%) cases
infected with influenza virus, 13 (76.4%) of w-hich
were type A and 4 (30.7%) type B. Eight additional
samples were found to be influenza positive, six with
type A and two with type B strains, by 1C ELISA after
three passages of the primary samples in embryonated
hens’ eggs. Of the 25 samples positive by IC ELISA,
24 (96%) were positive for influenza infection by the
reference  method. One primary sample that was
positive by IC ELISA did not yield a positive result
after three passages in eggs. Thus, IC ELISA under-
estimated influenza positive primary samples, relative
to the reference method. It follows from the results that
propagated samples contained a higher concentration of

Table 1. Influenza virus detection by virus isolation. 1C
ELISA and RT-PCR

Number (%) of samples

(n = 150)
Method Positive Negative
Virus isolation 25 <16 7) 125 (83 3)
IC ELISA on primary samples 17 (11.3) 133 {88 7)
IC ELISA on propagated samples 25 (16 7) 125 (83 3)
RT-PCR on primary samples 29 (19 3) 121 (80 7)
RT-PCR on propagated samples 29 (19 3) 121 (80 7)

Table 2. Deieciion of influenza virus in primary samples by virus isolation. IC

ELISA and RT-PCR

Number
of

Method samples
Virus positive 25
isolation negative 12
IC ELISA positive r
negative 1y

Number (%) with equivalent result by

Virus
isolation IC ELISA RT-PCR
16 (64) 25 (100)
125 (100) 121 (96 8)
16 (64) 17 (100)
125 (94) 121 (91)
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Tabic 3. Year | influenza identifications by virus isola-
tion, IC ELISA and RT-PCR

Number (%) of samples {n = 70)

Method Positive Negative
Virus isolation 11 (15.7) 59 (84.3)
IC ELISA on primary samples 7 (10) 63 (90)
IC ELISA on propagated 11 (15.7) 59 (84 3)
samples

RT-PCR on primary samples 13 (18.6) 57 (81.4)
RT-PCR on propagated samples 13 (18.6) 57 (81.4)

Table 4. Year 2 influenza identifications by virus isola-
non, IC ELISA and RT-PCR

Number (%) of samples

(n = 80)
Method Positive Negative
Virus isolation 14 (17.5) 66 (82.5)
IC ELISA on primary samples 10 (12.5) 70 (87.5)
IC ELISA on propagated samples 14 (17.5) 66 (82.5)
RT-PCR on pnmary samples 16 (20) 64 (80)
RT-PCR on propagated samples 16 (20) 64 (80)

virus panicles that were detected by IC ELISA,
increasing the number of overall positive results found
by that method. Screening the same 150 clinical
specimens before and after propagation in embryonated
hens’ eggs by RT-PCR revealed 29 (19.3%) infected by
influenza viruses, 22 (75.8%) with type A subtype
H3N2 and 7 (24%) with type B strains. All samples
that were influenza positive by virus isolation were also
positive by RT-PCR. There was 100% correlation in the
type and subtype of influenza-positive samples deter-
mined by RT-PCR and virus isolation. RT-PCR detected
four additional positive samples in the primary
samples, three type A (H3N2) and one type B,
compared with virus isolation. These PCR-positive
samples were negative after three passages in eggs.
One of the three A (H3N2) samples w'hich was positive
by PCR was found to be positive by IC ELISA on the
primary samples These findings are summarised in
Tables | and 2 Tables 3 and 4 show the number of
positive and negative influenza detections by the three
methods for the first and second year of surveillance,
respectively. Table 5 compares the sensitivities and
specificities as well as the diagnostic values and false

positive and negative results in IC ELISA and RT-PCR
with primary or propagated samples. There was a
statistically significant difference (p <0.001) between
1C ELISA (64%) and RT-PCR (100%) in the sensitivity
of influenza detection in the primary samples.

Discussion

Most of the methods frequently used to screen for
influenza infection, such as ELISA and immunofluor-
escence (IF), require propagated clinical material for
sensitive, specific and reliable viral detection. Recently
developed RT-PCR methods offer increased sensitivity
for direct influenza virus detection, typing and subtyp-
mg in primary clinical specimens [6, 10, 18]; thus
obviating the need to propagate the virus in embryo-
nated hens’ eggs or tissue culture. RT-PCR has been
shown to have increased sensitivity over ELISA and IF
for influenza detection in clinical samples [6, 18]; this
facilitates early administration of antiviral treatment
and has a beneficial role in the overall management of
influenza epidemics [17], A weakness of RT-PCR is the
ease with which minor contamination may yield false-
positive results, a possibility that is even more
pronounced with nested PCR methods.

In the present study, RT-PCR detected four more
influenza-positive samples than virus isolation in eggs.
This discrepancy of RT-PCR relative to the reference
method may have derived from the potential presence
of inactive viruses in the clinical sample, which are
usually undetectable by virus isolation methods. This
loss of virus viability is possibly due to prolonged
storage of samples under non-ideal temperature condi-
tions before arrival at the laboratory or the presence of
partially inactivated virus in the clinical sample, or
both [17, 19], Compared with RT-PCR, IC ELISA had
lower sensitivity for the detection of influenza infection
directly from primary clinical samples (17, 18], IC
ELISA detected 17 influenza viruses in primary
samples (as compared with 29 by RT-PCR), and 25
in propagated samples, 24 of which were identified as
influenza virus-positive by the reference virus isolation
method. This increase in IC ELISA sensitivity follow-
ing viral propagation demonstrates the dependence of
the method on the viral litre. IC ELISA detected one
influenza-positive sample, which was also positive by

Table 5. Sensitivity, specificity, diagnostic value and false positive and negative values for IC ELISA and RT-PCR

Diagnostic value <%) False
Method Sensitivity (%) Specifkity (%) positive negative positive (%) negative (%)
IC ELISA on pnmary samples 64 08 4 94 | 925 59 75
IC ELISA on propagated samples 100 100 100 100 0 (o]
kT-PCR on primary samples 100 96 8 86 2 100 13 X 0
kT-PCR on propagated samples 100 06 8 86 2 100 13 8 0

Sensitivity true positives the sum of influen/a positive samples according to the reference method Specificity true negatives the sum of
uenza, negative. samples. according the reference method Positive dl?g_r stic value true positives.true positives * false positives
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RT-PCR but was negative after propagation in eggs,
suggesting the presence of inactive virus in the sample.
It is concluded that, when used as a screening method
for influenza detection, RT-PCR offers a significant
advantage over IC ELISA because of its superior
sensitivity and its ability to detect influenza infection
even when viral inactivation has taken place. However,
viral isolation in eggs or tissue culture and subsequent
strain identification is pivotal in the yearly surveillance
of influenza, as it enables antigenic analysis of the
isolated virus and contributes to the yearly recommen-
dation of the WHO for the influenza vaccine.
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Summary. Eighteen haemagglutinin (HA1) gene segments and eleven
neuraminidase (NA) genes of human influenza type A (H3N2) viruses isolated
from non-vaccinated individuals presenting severe influenza-like illness at peak
influenza activity in Southern Greece during the surveillance period 1996-1999,
were subjected to sequence and phylogenetic analyses following propagation in
embryonated hen's eggs. The HA1 gene segment ofthe clinical isolates differed
from the recent reference influenza type A (H3N2) vaccine strains in an He at
residue 186. a Val at residue 194 and a Val at residue 226 for one. two and thirteen
isolates of the 1996-1997 and 1996-1999 periods, respectively. The analogous
differences in the NA gene were confined in an Asp to Asn substitution at residue
198 in one AWuhan 359,95 (H3N2 »-like isolate ofthe 1996 1997 period, prima-
rily. In addition, phylogenetic analysis revealed that an isolate of the 1997-1998
period was a recombinant with its HA1 gene segment being closely related to
that ofAAVuharv359/95-like viruses and its NA to viruses ofthe A Sydney/5/97
iH3N2) lineage. These findings confirmed the profound genetic instability of
influenza type A (H3N2) viruses and underscored the importance for periodic
molecular surveys of FLA and NA in the effective prevention and management of
viral outbreaks. Most importantly, however, they contributed the first complete
epidemiological material for influenza in Southern Greece, the archival nature of
which constitutes valuable reference for future surveys.
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Introduction

Influenza virus types A, B and C and Thogotovirus belong to the Orthom\-xo-
viridae family [2, 3]. They are enveloped particles containing two major surface
glycoproteins, haemagglutinin (HA) and neuraminidase (NA) and a multi-
segmented single-stranded RNA genome ofnegative polarity [1]. Influenza types
A and B are associated with epidemic disease in humans while type C has sub-
clinical importance. Influenza type A. whose infection is not restricted to humans
is further divided into 15 HA and 9 NA subtypes, which are present in aquatic
birds [30]. Human subtypes HIN | and H2N2 cause acute respiratory illness and
have been associated with all influenza epidemics and pandemics of this cen-
tury, until the late ’60s primarily. From the emergence of the H3 subtype in
1968 however, the dominant worldwide circulation of H3N2 viruses has been
associated with the vast majority of severe influenza outbreaks [12]. The accu-
mulation of point mutations, may lead to gradual antigenic change of surface
glycoproteins and the emergence of novel viral strains (antigenic drift). This is
partly due to immune pressure from the host organism. Genetic recombination
betw een co-infccting influenza viruses from different species of infected hosts,
may create new viral subtypes conferring drastic antigenic change (antigenic
shift) to the recombinant. Such recombinants may escape host immunity protec-
tion. generating novel virulence characteristic [13]. HA has a dual role in the early
stages of viral replication as it binds to cellular oligosaccharide receptors contain-
ing sialic acid (SA) and mediates endocytosis [5]. NA catalyzes the removal ofa
SA moiety' from viral envelope proteins, causing the release of new ly assembled
viral particles and the prevention of viral aggregation [9. 27].

The precursor HAO molecule is cleaved by cellular proteases into the HAl
and HA2 segments, that is a necessary step in viral infection [5]. Variable anti-
genic regions on the HAl domain are potential targets of neutralizing antibodies.
Amino acid substitutions in these regions (A to E), have been associated with all
epidemics in humans [6]. In contrast, the amino acids within the receptor binding
site (RBS) ofthe HA 1 domain are highly conserved [6,8], In the NA gene product,
disease-implicated substitutions are located in the globular head and the catalytic
site of the protein [9, 27], Human influenza HA preferentially recognizes SA
containing receptors linked to galactose by a2.6 linkages (SAa2,6Gal), whereas
its avian bomologue preferentially recognizes SAa2,3Gal [10. 23]. In human H3
influenza v iruses, substitutions at residues 226 and 228 alter RBS specificity by
modifying the preferential recognition of SA-Gal linkage, the erythrocyte agglu-
tinating ability and host species selection [22. 23. 29], Amino acid substitutions
at residues 145, 156. 186. 193 and 226 ofhuman H3 viruses have been shown to
occur as a result of viral adaptation to growth in eggs [14, 19 21. 26, 29].

The elderly and individuals with chronic respiratory and cardiovascular dis-
ease exhibit elevated indices of morbidity and mortality as a result of complica-
tions from influenza infection each year. Prevention, treatment and overall control
of influenza activity, requires continuous surveillance of both HA and NA prod-
ucts. in order to properly modify and optimize the effectiveness of the current
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trivalent influenza vaccine and anti-viral treatments (3, 4], Periodic sequencing
of HA! and NA gene products provides a sensitive method to monitor the overall
genetic variation of currently circulating viral strains and provisionally classify
the origin of new mutations [14, 20]. Phylogenetic analyses of sequence data
on the HA and NA genes can provide further information on the evolutionary
relationships and lineage of circulating strains [7. 12, 25, 28, 32].

In the present study we performed sequence and phylogenetic analyses of 18
HA (HA1) and 11 NA genes from 18 recently circulating human influenza type
A (H3N2) viruses, isolated in Southern Greece during peak influenza activity
from non vaccinated individuals, following propagation of the primary samples
in embryonated hen’s eggs. The clinical isolates were classified into three distinct
groups according to their HA1 domain and in two according to their NA. A
recombinant isolate ofthe 1997-1998 period possessing a A/Wuhan/359/95-like
HA1 and a A/Sydney/5/97-like NA was also identified, further suggesting that
genetic recombination may also occur between co-infecting viral species.

Materials and methods
Clinical samples

The specimens were submitted for laboratory characterization to our National Influenza
Reference Center from a number of collaborating clinicians evenly distributed in various
locations of Southern Greece. A total of350 clinical respiratory samples i nasal and pharyngeal
swabs) were collected from non-vaccinated individuals aged between 2 and 65 years old.
presenting influenza-like symptoms for up to three days from their onset, during the three year
(1996-1999) surveillance period. All samples were maintained ui standard virus transport
medium and stored at 4-4 :C for up to three da>s from the time ofcollection to final processing,
as prev iously described [33L

Virus isolation and typing

Influenza viruses were isolated by propagation in 8-day old embryonated hen's eggs.
Following the determmafion of viral titer in HA units, the isolates were characterized by
the haemaggiutination inhibition method (HAD [31]. Independent confirmation ofthe HA1
results in seven from the eighteen influenza isolates analyzed in this study, was made by WHO
World Influenza Reference Center at the National Institute for Medical Research (London.
UK), and the combined findings are shown in Table 2.

Selection ofviral isolates for sequence analysis

F.ighteen influenza type A (H3N2) viruses isolated from clinical samples collected from
regions of peak influenza epidemic activity in Southern Greece dunng the above mentioned
surveillance period, were selected for molecular analysis of the HA1 gene segment. The
NA gene was also analyzed in eleven of these isolates (Table 1). The gravity of symptoms
presented by the infected subjects which included severe influenza-like illness, (elevated
body temperature (> 38.5 'O. myalgia, headache, rhinitis, laryngitis, and general fatigue),
as well as complications from influenza infection such as bronchitis and pneumonia were
used as criteria for selecting the influenza viral isolates for sequencing analysis. The variable
responsiveness of collaborating clinicians dunng 1997-1998 surveillance penod. was the
pnmary reason for the unev en annual distnburion of influenza isolates submitted and studied.
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Table 1. Li\i.>rinlf*--"»*a type A (H3N2) viruses examined

Virus Abhn viatuHi Date of collection GenBank Accession No.
HAL NA

A Aiclu268 Aichi268 V01085

A Hong Kong/8/68 HK868 U42630

A4Jdom/307/72 Udom30772 M54895 J02168

AViclona/3/75 VC375 VO 1086 J02172

AJohanncsbourg/33/94 JHB3394 AF008774 u43425

AAVuhan-359/95 WUH35995 AF008722 U51246

A/Nanchang933/95 NC93395 AF008725

A Sydney/5/97 SYD597 AF087706

A Shangdong/9/93 SH993 uU43419

A/New York/16/94 NY 1694 u43424

A'Beijing'353/89 BE35389 u97740 U42635

A Shanchai 11/87 SH1187 AF00S886

A'Bcijing'32/92 BE3292 AFOO0S812 u42770

A\ Alaska/10/95 AX 1095 AF008748 L'51245

A Stockholm/18/98 ST 1898 ISDNSWO0002

A'Victoria-30/97 VC3097 AF180633

A Wellingtoa3/97 WE397 AF 180579

A Panama 2007 99 PA200799 ISDNCDAOOI

A Uroca 3 00 Umca300 ISDNSWAO015

AMalmoc 3,99 Malmoc399 ISDNSW.A10

A Beijing 244 96 BE24496 AF 180586

A Shanghaj. 24/90 SG2490 L'42636

A Guangdong/25/93 GD2593 u42778

A India 263 93 India26393 u42780

A Singapore. 7/94 SN794 u43422

A Miyagi/29.95 MY2995 uU71143

A/Fukushima'140/96 FU14096 AF038263

Clinical isolates

1996-1997

A Greece.' 1/97 G197 30,1 97 AF315567 AF31681!

A Athens 2 97 A297 201 97 AF315568 AF316812

A Greece 4, 97 G497 15 297 AF315569

A Athens. 23,97 A2397 15 297 AF315570

1997-1998

A Athens | 98 A198 30 1 98 AF315571 ,AF316814

A Athens 2 98 A298 30198 AF316817

A Athens'7 98 G798 10-2 98 AF316818

A Greece 10 98 G1098 10 298 AF316819

A Athens 16 98 A1698 24 298 AF316820 AF316S15

A Greece. 18,98 G1898 242 98 AF316821 AF316816

A Greece' 19 98 G1998 24 298 AF315559

A Athens 7698 A7698 10 3 98 AF315560 AF316805

A Athens 94 98 A9498 10 3 98 AF315561 AF316806
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TrM« t ten*)nvfd\

Virus Abbrev tation Date of collection GenBank Accession No.

A Greece 10398 G10398 18 3/98 AF315562

A Greece 10698 G10698 20. 3,98 AF315563 AF316S07
1998-1999

A Greece.' 109 99 G10999 25 299 AF3I15564 AF316808
.VGreecc/!32/99 G13299 19/499 AF315565 AF316809
A/Athens/! 35.99 A13599 19/499 AF315566 AF316810

Table 2. Antigenic analysis of clinical isolates by haemagglutination inhibition with post infection
ferret sera

A JHB A'W'uh ANC A/SA ABrat A'Syd

33 94 359 95 933 95 114796 6 97 597
AJHB/3394 1280 80 80 40 80 <*
A/Wuhan/359/95 160 2560 1280 320 160 <
A Nanchang/933/95 160 1280 2560 320 320 160
A'South Africa/1147/96 80 60 320 1280 320 320
VBratislava/697 S0 320 320 320 640 160
.VS\ dney/5/97 < 80 80 320 320 2560
Group Ib
A Greece.-1,97 < 640 320 160 160 80
A Athens.9498 < 640 320 160 320 80
Group 2
A Athens 2.97 0 160 640 1280 320 160
A'Greece'4/97 0 160 640 1280 320 160
A Athens/2397 160 320 640 1280 640 320
A Athens 198 80 160 320 640 320 160
A Athens 2 98 80 160 320 640 320 160
Group 3
AAthens.'7.98 < 160 160 320 160 1280
A Greece 10 98 < 160 320 640 320 2560
A Athens 1698 < 320 320 320 160 2560
A Greece. 1898 < 320 320 320 160 2560
A Greece. 1998 < S0 80 160 80 640
A Athens 76.98 < 160 320 640 320 2560
A Greece |03 98 < 160 160 320 160 640
A Greece 106 98 < 160 160 320 160 640
A Greece 109 99 < 160 160 320 160 640
A Greece-13299 < 80 160 160 160 1280
A Athens 135 99 < 80 160 160 160 1280

* <less than 40

bGroups 1. 2 and 3 represent A Wuhan 359 95. A South Afncall47 96 and AS\dney 05 9-- like
viruses, respectively
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RNA extraction and cDS'A sy nthesis

Total RNA was extracted from 200 pui aliquots of allantoic fluid with 350 p.1 TRIzol (Gibco
BRL. Life Technologies, NY. USA), according to manufacturer's recommendations, in the
presence of 20 ug glycogen, molecular biology grade {Boehnnger, Germany). Foe ui viral
RNA. was reverse transcribed with 20U/pJ AMYV reverse transcriptase (RT), (Promcga, WI,
USA), utilizing 0.2 pM oligo UN ! pnrocr (3'AGCAAAAGCAGG 5’) complementary to the
3' terminal segment of viral RNA, in the presence of 2.4 ui 5 x RT buffer (Promcga, WI,
USA), I00m.M DTT, 2 gi 5 m.M dNTP's (Promega. WI. USA), 200 ul RNasin (Promega.
WI, USA) and HjO (Sigma, USA) to 12 ui. cDNA synthesis took place at 42 C for 45 min,
55 C for 15 min and 95 CC for 5 min. cDNA was either stored at -80 CC or used immediately
in polymerase chain reaction (PCR).

PCR ofHil and SA

ThcHAI domain oftheH3 gene, was amplified withO.5 pM H3/6B/+(5'AGCAGGGGATA-
ATTCTATTAMCC 3'land 0.5 yM H3/1197/- (5' CTGCTTGAGTGCTTTTAAGATCTG 3')
primers {Genset. France), in a reaction containing 2 pi cDNA. 2-5 U Taq polymerase. 5 u!
10 x PCR buffer, 2.9 yt 25 mM MgC~» (Pertcin Elmer. USA), 2 ui 5 mM dNTP's (Pharmacia
Biotech. Sweden) and HiO (Sigma, St. Louis. USA) to 50 ui. Followingdenaturation at 94 CC
for 5 min, 30 cycles of amplification were performed as follows: 94 C for 45 sec. 45 “C for
45 see and 72 C for 90 sec, followed by a 72 C incubation for5 ram in a Robocycler Gradient
96 (Stratagene. USA). The N2 segment of the viral genome was amplified w ith N2/6/+ (5'
AGCGGAGTGAAGATGAATCCAA 31 andN2 1440/- (5' ATTGCGAAAGCTTATATAG-
GCATG 3') pnraers. 0.5 pM each. (Genset, France), in a reaction analogous to that for HA!
above. Following a denaturation step al 94 CC for 2 min, 30 cycles of amplification were
performed as follows: 94 C for 45 sec. 60 :C for 45 sec and 72 C for 2 min. followed by a
72 °C incubation for 5 min. in a Robocycler Gradient 96 (Stratagene, USA).

Sequencing

The PCR products were purified in QIAgmck spin columns (QIAGEN, USA), according to
manufacturer’s instructions. Purified DNA was then quantified in 1% agarose gel (Gibco,
BRL). using SmartLadder molecular weight markers (EUROGENTEC. Belgium). The HA
PCR products that were generated with primers H3 6B. + and H3/1197/-(1191 bp long), w ere
sequenced bv means of oligonucleotides H3 6B. -K H3.361/+ (5' GCAACTGTTACCCT-
TATGATGTG 3'). H3 941/- (5' GCTTCCATTTGGAGTGATGC 3') and H31197/-. The
NA PCR products that were generated with primers N2 6 + and N2 1440. - (1434bp long),
were sequenced by means ofoligonucleotides N2 6. +, N2 369/+ (5 CGAGAGAACCTTAT-
GTGTCATGC 3'), N2823 + (5" GTCAGGAAGTGCTCAGCATGTAG 3'), N2972 - (5'
GCACACATA-\CTGGAATCAATGC 3") and N2 1440 -. 0.5 uyM each, (Genset. France).
Sequencing reactions contained 25-50 ng purified DNA. 4 p| ‘BigDye Terminator-. 0.5 pM
primers and HiO to a final volume of 10 pi. Following template denaturation at 95 C for
2 min. 25 cycles consisting of 96 C for 45 sec. 50 C for 30sec and 60 C for 4 min per
cycle, were earned out m a Robocycler Gradient 96 (Stratagene. USA). Products were then
precipitated with 2 volumes of ethanoL resuspended in 5 i buffer (blue dextran 8 mg ml.
EDTA 4 m.M. pH 8.0: deionized formamide 83%) and denatured for 2 min at 100 C. Aliquots
of 1.5 yi each were analyzed in a 5% (19:1) acrylamide bisacryiamide gel. Sequencing was
performed by the Sanger method on an automated AB1 Pnsm 377' (Perkin Elmer Cerus.
USA) sequencer. The nucleotide and ammo acid sequences of our influenza clinical iso-
lates were compared to those of recent influenza type A (H3N2) vaccine strains, retrieved

Institutional Repository - Library & Information Centre - University of Thessaly
19/05/2024 18:19:45 EEST - 52.14.40.146



Phylogenetic analysis of HA and NA genes 1905

from GenBank (Table 1). The analysis of sequence alignments was made by the programs
Sequencing Analysis 2.I' and 'Analysis and Complign’, MacMolly™. GenBank entries
AT 315559. AF 315562. AF 315569, AF 315813. AF 315814. AF 316818 and AF 316820
contain premature stop codons leading to minor truncations at the carboxy terminus of the

respective peptide products.

Fig. 1. Construction of H.M nucleotide sequence phylogenetic tree of influenza type A
IH3N2) clinical isolates and reference viruses based on the NJ method
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Phylogcndic analysis

The construction of nucleotide and amino acid based phylogenetic trees, was performed by
the CLUSTAL X program, using the neighbor-joining (NJ) method [15. 24j. In each ease,
our influenza isolates were compared with several influenza type A(H3N2) reference strains
and clinical isolates of the same period from other countries, which were obtained from the
GenBank, establishing the degree of genetic proximity (Figs. | and 2). Genetically distant
influenza type A (H3N2) reference strains, Were used as out-groups for the construction of
phylogenetic trees.

Fig. 2. Construction ofN A nucleotide sequence phylogenetic treeofinfluenza t\pe A (H3N'2)
clinical isolates and reference viruses based on the NJ method
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Results
Antigenic analyses

Analysis of the 350 samples examined, revealed that 31 (8.9%) earned viable
influenza strains. Further characterization revealed that 26 (84%) of those were
type A (H3N2) and only 5 (16%) type B, as detailed elsewhere [33]. The 18
influenza isolates that were selected for molecular characterization, fall by HAI
analysis into three groups (Table 2). Group ! included two AWuharv359/95
(H3N2)-like isolates, one from the 1996-1997 period (G197) and one from the
1997-1998 period (A9498), that was also assigned as recombinant by molec-
ular analysis. Group 2 consisted of five A/South Africa/1147,96 (H3N2)-like
viruses from the 1996-1997 and 1997-1998 periods. Group 3 contained elev en
A/Sydney/5/97 (H3N2)-like viruses. Eight (G798, G1098, A1698, G1898. G1998,
A7698, G10398, Grel069S) were from the 1997-1998 and three (G10999.
G13299 and A13599) from the 1998-1999 period, respectively. The reduced
HAI titers obtained for the group | isolates and for 4 isolates in group 3, against
their homologous antisera, most likely reflect amino acid variation in their HAI
gene segments.

Amino acid sequence analysis

The genetic variability of the 18 HAI gene segments and the 11 NA genes, was
analyzed by sequencing following three passages of the original clinical samples
in embryonated hen’s eggs. DNA sequence data of HAI and NA were converted
into amino acids and compared with the analogous domains of reference vac-
cine strains A/Sydney/5/97, A/Wuhan 359/95, A/Nanchang933,95 (H3N2) and
.V Johannesburg/33/94 (H3NZ2). Based on variations ofthe HAI domain, our clin-
ical isolates appeared to fall into three groups (Table 3). Group ! and 2 possessed
A/Wuhan/359/95 and A/South Africa/1147/96-like substitutions including Lys at

Table 3. Amino acid sequence variation in the HAI gene segment of recent influenza type A
(H3NZ2) isolates from Southern Greece

Group 1J: AWuhan. 359 95-like substitutions
Residues: Lys 62. Thr 121. Gly 124. Asp 133. Val 144. Glu 158 and Asn 276
Isolates: G197 and A9498

Group 2 ASouth Africa 1147 96-likc substitutions
Residues: Arg 142. Vat 144. Lys 156 and Val 196
Isolates: A297. G497. A2397.A198 and A298

Group 3: ASydnev 5 97-like substitutions
Residues: Glu 62. lie 144. Gin 156. Lys 158. Ala 196 and Lys 2~6
Isolates: A798. G109S. A1698. G1S98. G1998. A7698.
G10398. G10698. G10999. G13299. A13599

“The classification ofour isolates in three groups was based on the presence ofreprcscniativ e
ammo acid substitutions in the HAI domain relative to the three reference influenza t>pe \
| H3N2) viruses
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residue 62, Val al residue 144, Gly at residue 124, Asp at residue 133 and Arg at
residue 142. Group 3 possessed substitutions in the same 11 isolates character-
istic of A/Sydney/5/97-like viruses, including Gin at residue 156, Lys at residue
158. Ala at position 196 and Lys at residue 276. Substitutions at both residues
122 and 198 (Asnl22 to Lys and Alal% to Thr) were found in 2 A/Wuhan/359/
95-like (G/1/97 and A/94/98) and 8 ASydney/5/97-like isolates, respectively.
These residues were located within the antigenic sites A and B ofthe HA1 do-
main. At residue 186, we observed a Ser to He substitution typical to egg-adapted
variation for isolate A2397. Residue 194, which is located within the antigenic
site B and is implicated in the attachment of HA to its receptor, had an Be to
Val substitution for isolates A198 and A298. Residue 226, which is implicated
in receptor specificity and host range restriction, had an lie to Val substitution in
the majority (13 out of 18) of our clinical isolates. The substitutions in residues
186 and 226 were absent from all reference viruses, suggesting their potential
relevance to egg-mediated adaptation and the restoration of haemagglutinating
ability [25]. Alignments ofthe amino acid sequences ofthe HA | gene segments of
all 18 clinical isolates, were made relative to the A Sydney/5.97 reference strain
(Fig. 3).

Sequence analysis of NA, showed fewer changes from HAL. Variations of
the NA gene fall in two groups (Table 4). Group | had AWuhan/359/95-like
substitutions. More specifically, isolate G197 of the period 1996-1997. exhib-
ited Asn at residue 43. Leu at residue 370, and Gly at residue 381. The Tyr336
and Asp339 substitutions, observed for the above isolate, may influence viral anti-
genicity [27], An Asnl9 substitution was also found in isolate G197. Residue 198
located near the catalytic site of NA may influence its enzymatic activity [9. 27],
The ten group 2 isolates had A/Sydnev/5/97-like substitutions, including Ser43,
Aspl27, Aspl98, Lys221, His336, Phe'0, and Glu'81. In four A Sydney/5/97-1ike
isolates (A297, A198, G13299, and A13599), AAVuhaiv359/95-like substitu-
tions were also present at residues 43 and 370. The Ser370 change observed for

Table 4. Amino acid sequence variation in the NA gene of recent influenza type A
(H3NZ2) isolates from Southern Greece

Group 1J: A Wuhan/359.95-likc substitutions
Residues: Asn 43. Leu 370. and Gly 381
Isolate G197

Group 2b: A Sydney 5/97-hke substitutions

Residues: Ser 43. .Asp 127. Asp 198. Lys 221. His 336. Phe 370. and
Isolates: A297. A198. A1698. G1898. A7698. A9498. G10699.
G10999. G13299 and A13599

JThe classification of our isolates in two groups was based on the presence of
representative amino acid substitutions in NA relative to the two reference influenza
type A (H3N2) viruses

isolates A297 and AI198 exhibited Asn43 and Leu' 0 substitutions, isolates
G13299 and A13599 exhibited Asnd4 substitution
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two 1998-1999 isolates, may influence viral antigenicity. Sequencing and phy-
logenetic analysis resealed one isolate of the 1997 1998 penod. (A9498). that
was characterized as A/Wuhan/359,95-like by HA1. as well as by the sequence of
its HA! domain. Sequence analysis of its NA gene however, resealed similarity
to NA's typical of .ASydney/5/97-like viruses. Considering that this virus svas
isolated during svorldwide dominance of A/Sydney/5/97, it most probably repre-
sented a recombination between two antigenically distinct siruses, as previously
shown [7. 25, 28]. Alignments of the amino acid sequences of the NA gene of
all 11 clinical isolates were made relative to the A. Sydney 5 97 reference strain

(Fig. 4).
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Phylogenetic analysis

We compared the nucleotide sequences of 18 HA| and 1! NA gene products from
our influenza viral isolates. The isolates of the period 1996 -1999 were divided
into three groups, according to sequence variations on their HA1 gene segments.
Group ! was proximal to A/Wuhan/359/95 and contained isolates G197 and
A9498. Group 2 was intermediate between A/Wuhan/359/95 and A/Sydney/5/97
and contained isolates A297, G497, A2397, A198 and A298. Group 3, which
was proximal to A/Sydney/5/97, included isolates G798, G1098, A1698, G1898,
G1998, A7698 and G10398. Isolates G10698, G10999 and G13299, A13599,
which appear to have diverged from the A/Sydney/5/97-like group, form sub-
groups within it. The majority of isolates fall into the second and third groups
(Fig. 1). Phylogenetic analysis of NA revealed two groups. Group ! was close to
A/Wuhan/359/95 and A/Nanchang/933/95 and group 2 was related to A/Sydney/
5/97. They included two (G197, A297) and nine isolates (A198, A1698, G1898,
N7698, A9498, G10698 G10999, G13299 and A13599), respectively. Overall,
the NA gene product was less divergent compared to HA1 (Fig. 2), a finding that
was consistent to an earlier report [7],

Discussion

Continuous evolution of HA and NA surface antigens by antigenic drift and shift,
is implicated in influenza epidemics and pandemics in humans. Effective preven-
tion and management of influenza, requires annual surveillance of the molecular
changes in the primary antigenic domains ofthese molecules from currently cir-
culating clinical isolates. Sequence analysis ofthe HA1 domain, provided a very
sensitive approach to the assessment ofgenetic variability and epidemic potential
of viral isolates, revealing the presence of key substitutions at major antigenic
sites. Phylogenetic analysis enabled the study of evolutionary relationships be-
tween clinical isolates and reference strains [12, 14]. Amino acid substitutions that
can alter antigenicity, receptor binding specificity and hacmagglutinating ability
of human H3 isolates, may occur by multiple passages of the original samples
in hen’s eggs [19, 2!, 26, 29], Previous studies revealed that this host-mediated
variation was influenced by a Leu to Glu change at residue 226. which was lo-
cated within the RBS pocket [22], as well as by a Ser to fie substitution at residue
186 [ 14, 20]. It has been shown that substitution at residue 226 alters H3 receptor
specificity of human viral isolates towards erythrocytes from different species
and restores their haemagglutinating ability towards avian erythrocytes [25]. The
majority (13 out of 18) ofour clinical isolates exhibited an He to Val substitution
at this residue, which could be attributed to multiple passages in eggs or other
hosts [26]. This is a purely correlational assignment however, the accuracy of
which cannot be confirmed in our study.

Sequence and phylogenetic analyses of HA | and NA from recent clinical
influenza type A (H3NZ2) isolates in Southern Greece, revealed substitutions in
the following residues ofthe HA1 domain: 1) residues 62. 121.144, 124. 133 and
142 (groups ! and 2). residues 156. 158. 196 and 276 (group 3). 2) residues 186
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and 226. which are typical to egg-mediated adaptation and may influence viral
antigenicity and erythrocyte agglutinating ability [21], and 3) residue 194, which
is implicated in receptor binding [23, 29], Substitution at residues 124 and 133
introduced N-glycosylation in our isolates, potentially altering their antigenicity
[6, 8, 34], Compared to the HA! gene segment, the genetic variability ofthe NA
gene was much lower, both in terms of number ofresidues substituted and overall
fraction ofgenetically altered clinical isolates, indicative to its slower adaptability
to immune pressure [7], We observed substitutions at NA residues 43, 370 and
381 (group 1), 43, 127, 198, 221, 336, 370, and 381 (group 2) and at residue
198 that may potentially alter the antigenicity ofNA (group 1). Furthermore, our
molecular analysis revealed a recombinant virus (1 out of 18) as a testament of
viral recombination in co-infectcd cells. This finding is in accordance to previous
reports demonstrating the occurrence of similar genetic recombination between
co-circulating influenza A (H3N2) viruses. The importance ofthese processes in
viral evolution and the emergence of novel influenza A (H3N2) viruses has been
documented extensively in the literature [7, 25, 32],

The clinical importance ofthe HA antigen in the management of influenza is
well established [3, 25]. Clinical studies with recently developed neuraminidase
inhibitors indicate that antiviral treatments may also afford effective control of
influenza epidemics [4], The present report emphasized the dominant roles of
HA and NA in the biology ofinfluenza viruses and provided potentially valuable
epidemiological references for influenza in Greece.
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